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R. J. Camerarius 


—His fifty-page “Letter” (1694) reported the 
first authentic experiments establishing 
the existence of sex in plants. 
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“NERVOUS” GOATS “IN ACTION” 


Frontispiece 


This strain of “nervous” goats has 
frightened. These two photographs sho 
to the ground as a result a such a stimulus. 
Its mother is not, as all members of the 


the peculiarity of losing consciousness when suddenly 
w individuals in a Texas herd, in the act of falling 


In the lower picture the kid is affected while 
herd are rarely affected simultaneously, 
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FLOCK of goats showing a 
peculiar hereditary nervous be- 
havior was seen by the writer 
on several visits to a farm in Dickens 
county, Texas. Opportunity to deter- 
nine by breeding tests the manner of 
inheritance of this peculiarity did not 
occur. However, the facts which were 
observed will be of interest to students 
of heredity in animals and perhaps also 
to those interested in the entire field of 
abnormal mental behavior. 

This is probably the same peculiarity 
briefly noted by Hooper? as reported to 
him from certain regions in eastern 
Tennessee or Kentucky and as de- 
scribed in more detail by Dexler® who 
obtained much of his information from 
an article by White and Plaskett’ and 
from a report made to Dexler_ per- 
sonally by Dr. J. F. Gudernatsch of 
Cornell University. The cases reported 
by Dexler were from Maury county 
and from Marshall county, Tennessee, 
agree in every essential respect 
with those seen by the writer in Texas. 

White and Plaskett reported that 
these goats were found in at least five 
counties in south central Tennessee 
(Marshall, Giles, Lawrence, Maury 
and Coffee) although they believed that 
the total number in those counties was 
not large. Their description of the 
behavior of these goats when frightened 
corresponds exactly with that observed 
in Texas but the observations of White 
and Plaskett were much more detailed 
and prolonged than ours were. 

The Texas flock was brought di- 
rectly from Giles county central 
‘ennessee. Dexler mentions buck 
voat of this kind brought from Canada 
0 Marshall county, Tennessee. The 
‘exas A. & M. College also owned in 
's small zoo at College Station during 


“NERVOUS” GOATS 


. 


about 1926 
“nervous” 
dents. 


1927, 
goats of 
No other cases of this kind have 
come to the writer’s attention and, with 
the possible exception of the two indi- 
viduals last mentioned, all seem to have 
come from a region in central Ten- 


one of these 
uncertain antece- 


and 


nessee. Dr. White (in a recent letter 
to the writer) states that he observed 
a flock of goats like these in the sum- 
mer of 1929 in Egypt between the Suez 
canal and the Palestine border. He 
also states that he shipped some of the 
Tennessee goats vears ago to Profes 
sor Nagel, Nervous Disease Institute, 
Freiburg, Germany, and that Professor 
Nagel made quite a study of them. 
Behavior of “Nervous” Goats 
If these goats are suddenly surprised 
or frightened they become perfectly 
rigid. While in this condition they can 
be pushed or turned over as if they 
were carved out of a single piece of 
wood. This spell or “fit” usually lasts 
only a short time—about ten to twenty 
seconds. They recover the use of their 
muscles in the front end of the body 
frst. Often one will see these goats, 
on recovering from fright, regain con- 
trol of their forelegs enough to. start 
running away, but the two hind legs 
will drag or move very stiffly as if the 
eoat were still quite stiff from the loin 
back although fully in control of the 
muscles of its front legs, head, and 
neck. After having been thus fright- 
ened a goat cannot usually be fright- 
ened again, no matter how great the 
excitement may be, until it has had at 
least twenty or thirty minutes to rest. 
It is as if some substance were used 
up in a sort of nervous explosion and 
ro further explosion could result until 
time enough had elapsed for a new sup- 
ply of this substance to be formed. 


* Formerly of the Texas Agricultural Experiment Station, now of the Iowa State 


ollege. 
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“NERVOUS” GOATS “AT REST” 
Figure 1 


Two views of members of the Lovell herd of “nervous” goats at Dickens, Texas. ; 
Except for this peculiarity the goats are normal. The trait is of economic importance b- 
cause such goats do not climb and jump as readily as ordinary goats, even the thought ©! 
such a proceeding apparently bringing on a transitory paralysis! 
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FALLEN 


AND STIFF WITH FRIGHT 


Figure 2 


During the fright-induced paralytic fits the animals are as rigid as though carved from 
wood. The fit only lasts a short time, and the animal regains control of its front legs first, 


the hind legs dragging appreciably for a moment. 


No cases of death from fright have been 


authentically recorded in spite of abundant opportunities. 


The worst frightened of the goats 
usually fall over to the ground 
(through starting to run and_ being 
caught off their balance when the “fit” 
strikes them ?) but some become rigid 
in standing position remain 
utterly motionless for many seconds. 
If pushed over while in this condition 
they fall down as rigidly and clumsily 
as if they were statues carved out of 
wood, but recover in a few seconds and 
start to walk off, dragging their hind 
legs slightly at first, but very quickly 
recovering complete control of their 
entire bodies. 

Fright can be induced in_ several 
different ways. The principal element 
hecessary seems to be surprise. A loud 
noise such as the report of a shotgun 
or the sound of a= galvanized iron 
wash tub landing on the ground after 
being thrown a distance of some ten 
or twenty feet was one of the surest 
causes. Or if two or three men, who 
nad crept up close without being ob- 
served, would suddenly rush toward 
Ne flock velling and waving coats in 
je air a considerable number of the 


oats would be sure to fall to the 
round and most of the rest would 
ccome rigid the normal upright 
sition for several seconds. 


In the writer's experience the entire 
flock (numbering some twenty or more 
head) did not on any occasion all be- 
come rigid with fright at one time. 
However, those individuals which ran 
away freely on one occasion were even 
more likely than the others to fall into 
the “fit” if a second scaring of the 
flock could be arranged twenty or 
thirty minutes later. The percentage 
of the flock which would succumb on 
any one occasion seemed to depend 
most upon the length of time which 
had elapsed since the last previous 
surprise. 

Occasionally a goat would have one 
of these “fits” when no general scaring 
of the flock was evident. Apparently 
it would suddenly see some object 
close to it or (in the case of young 
kids) would attempt to jump over a 
stick or small object in the path and 
would become rigid with fear mid-way 
in this adventure. Such spells were 
usually shorter and less intense than 
those which were produced by inten- 
tional noise and commotion. Sometimes 
a momentary stiffness and dragging of 
the hind legs would be almost the only 
outward sign of fright. 

White and Plaskett report being told 
that on rare occasions these goats are 
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so badly frightened that they die; that 
is, are literally “scared to death,” but 
did not see this themselves. Dexler 
obtained no confirmation of this and 
doubts that it ever occurs. No case 
of death from fright occurred in this 
Texas flock in spite of abundant oppor- 
tunity. The first goats of the Texas 
flock were brought from Tennessee to 
Texas solely to uphold the veracity of 
the Texas farmer who had been telling 
neighbors about their existence in his 
boyhood home in Tennessee. Naturally 
their odd behavior was put to the test 
again and again. As a form of Sunday 
afternoon sport the scaring of these 
“nervous goats’ may not have been 
quite equal to a circus for entertain- 
ment and diversion yet it had its at- 
tractions and was often practiced. 

The man who brought these goats 
stated, that they were quite unable to 
jump over fences of ordinary height 
(a statement confirmed in all accounts ) 
but would find holes through which to 
crawl under the fences as readily as a 
hog would. In a hilly region, with 
stone walls for fences, this peculiarity 
made these goats more desirable than 
ordinary goats which of course would 
delight to scramble on and over stone 
walls. 


Origin of the Nervous Goats 
About the origin of these Tennessee 


goats, the only account I have found 
is that by R. Goode, Gastonburg, 
Alabama, who states (in a letter to 


the writer) that the history 1s about 


as. follows: 


About 1880 a stranger came into a com- 
munity in Marshall County, Tennessee, 
carrying with him four goats and what he 
described as a sacred cow. He went to a 
Dr. Mayberry and asked that he _ be 
allowed to keep his goats and cow at Dr. 
Mavyberry’s place and he, in return for his 
meals and keep for the animals, did odd 
chores for Dr. Mayberry. He stayed at 
Dr. Mayberry’s place several months and 
later married an old woman in an adjoining 
community. He stayed during one farm- 
ing season and at the end of the year 


came back to D:. Mayberry and sold him 
the four goats. 
without 


He then left with his cow 


telling anyone where had 
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secured the goats or the cow nor anything 
about his personal history. 


The peculiar behavior of these goats 
is almost unquestionably hereditary. 
The family history of the case and the 
fact that it persisted even when the ani- 
mals were transferred from central 
Tennessee to the climate and forage of 
western Texas seem to attest its heredi- 


tary basis. From our own observations — 
we can infer nothing as to the manner > 
of its inheritance. All the animals of A \ 
this flock showed this behavior and 13:2 


they were not crossed on other goats 
at all. Dexler believed (in 1908) that 
it Mendelized ‘““— und bei Kreuzungen 
unregelmassig durchschlagt, ver- 
mutlich mendelt.” 


Other Instances of Inherited Nervous — 
Instability 


Symonds reportec d® a family history 


in man of paralysis induced by excite- 7 
ment. This paralysis is made_ possible red 
by an inherited instability of the ner- 7 
vous system. Cole and Ibsen have re- p 
ported’ a Mendelian recessive condition | HE 
in the guinea-pig which they call con- | Bio 
genital palsy and which is remotely Bey 
similar to the condition here described 
in goats. They refer to certain condi- 
tions in other animals which conditions —— 
are primarily nervous disorders with an 
hereditary basis but which are distinct “ 
in symptoms from the “congenital 
palsy." Those include the familiar 
cases of waltzing mice and tumbling 
pigeons, epileptic seizures in man, and © tee 
less well-known cases such as waltzing 
rabbits and rats. Cole and Steele have — | 
reported? the case of the waltzing  — 
rabbit in greater detail. Lord and Gates pan 
reported’ a hereditary nervous peculiar- pre 
itv. in mice which they call “‘shaker”™ to 
and which is distinct both in appear- p eu 


ance and in inheritance from the famil- | | |) 
iar “waltzing” in mice. They find that | 
“shaker” is inherited as simple 
Mendelian recessive. 

It is difficult to avoid speculation as 
to what may be the mechanism in the 
nervous structures of these goats which 
causes them to react to fright in so 
peculiar and definite a way. Such 
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-seculation, although otherwise fruit- 
less, may lead to a deeper appreciation 
of the tremendous complexity and intri- 
cate interrelations of the parts which 
ogether make up such an animal as 
the (more or less) humble goat. 
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HEREDITY, ENVIRONMENT AND 
HUMAN FATE 


A Review of The Biological Basis of Human Nature 


[OLOGICAL books times 
past were of little interest to 
the general reader. The accu- 

mulating knowledge of the growth, 
physiology and heredity of toads, fish, 
insects and guinea pigs was not 
brought into relationship with similar 
processes in man. The subject re- 
mained one for specialists with no di- 
rect bearing on human affairs or in- 
terests. 

Within recent years all this has 
changed and biology is placed almost 
on a par with physics and astronomy 
in popular esteem. Haldane and Hux- 
ley are names as familiar as Edding- 
ton and Jeans. The study of living 
things has been found to yield results 
of wide general interest and of first 
order importance in the development 
of civilization. 


One of the most recent biological 
contributions of popular interest is a 
book entitled “The Biological Basis 
of Human Nature.* The author is ex- 
ceptionally well equipped to treat of 
such a comprehensive subject, being a 
zoologist thoroughly conversant with 
the taxonomy, anatomy and _ physiol- 
ogy of the lower organisms as well 
as being an active geneticist with 
mathematical ability. In addition Pro- 
fessor Jennings enjoys among his col- 
leagues an enviable reputation for 
sanity of judgment, tempered by the 
mercy of a humanitarian viewpoint. 
He might well be styled the American 
Haldane though lacking the latter's 
propensity for fine spun speculation. 

It follows that any book by him de- 
serves the serious attention of the in- 
telligent public and the present vol- 
ume is no exception. Not all that 


Professor Jennings has to say will le 
endorsed enthusiastically by his con- 
freres nor indeed by the well-informed 
lay reader, but complete acceptance i: 
hardly to be expected for any man’s 
ideas. The book contains 384 page: 
including the index and is subdivided 
into sixteen chapters with reference: 
to the technical literature at the end 
of each chapter. There is some repe- 
tition of material but probably m 
more than is necessary for clarity. 


The Advance of Science 


Chapter eight furnishes the reader 
with an excellent starting point for 
here the issue between Wiggam anid 
Watson is joined. Furthermore in 
this chapter the reader is led behind 
the scenes of science and is permitted 
to see for himself how haphazardly 1 
works. “The advance of science 1s 
not a steady relentless progress overt 
a wide front, making irretrievably its 
own ground over w hich it passes; its 
methods and_ results impeccable, iner- 
rant and infallible. Science is rather 
a human adventure, with all that thi 
implies of ups and downs, of advance: 
ment and retreat, of success and fail- 
ure. Science is mankind in the proces: 
of forming habits. Like other organ- 
isms, from the lowest up, mankind 
forms habits by the process of tria 
and error.” 

He might have added that science. 
like fashions, has its fads. At any 
rate after reading chapter eight, and 
gaining an insight into the worknig: 
of science, we are prepared to proceed 
with the discourse “On the relation: 
of heredity and environment to the 


characteristics and fate of human bhe- 
Ing’s 


*JenNINGS, H. S. The Biological Basis of teins me Pp. 384, 51 illus. W. 1 


Norton & Co., New York. 1930. 
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’ Returning to the beginning, the 
rst four chapters treat of the me- 
‘chanics of inheritance and development. 
iin these the reader is introduced to 
‘Mendelian symbolism enlightened by 
tnumerous helpful diagrammatic rep- 
iresentations of cytological processes. 
A studied effort has been made to 
imake the basic details of Mendelian 
‘heredity a part of the reader’s store 
bof knowledge rather than to encour- 


age him to take these matters for 
teranted. The presentation has not 


Hbeen planned to appeal to the men- 
Htally lazy and indeed the author has 
‘scant respect for those who wish to 
Beain their knowledge by fifteen min- 
utes of reading a day. “Any one who 
‘declines the labor of becoming famil- 
iar with the fundamental features of 
ithe genetic system and its method of 
operation cuts himself off from the 


Ppossibility of understanding the na- 
ture of man and the origin of his 
ipeculiarities.” This is a fair warning, 


shut should not lead any one to fear 
an abstruse treatise understandable 
jonly to specialists. To be dull, stupid, 
jor aay is to belong to the lowest cast 
humans in cance Jennings’ es- 
‘timation and references to these three 
attributes continually “crop. up” 
ithroughout the book where less 
I kindly authors are accustomed to use 


“vicious,” “degenerate” and “imbe- 
cle.” 
Despite the care that has been 


ytaken to keep the reader from becom- 
‘ing confused and going astray there 
misleading passages in the first 
‘four chapters and a warning is hereby 
Ssounded to “look alive.’ Thus” on 
Page 44 we find that mating a female 
(Drosophila) having bar eyes with a 
normal male results in all of the chil- 
dren—both sons and daughters—he- 
ing bar-eyed. This, of course, is not 
true unless the female is homozygous 
for this eye form as is brought out 
some pages later. There are not many 
such sand traps and the larger share 
persevering readers should arrive 
at chapter five well-equipped to un- 
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derstand the reasoning in the suc- 
ceeding pages. 

Hereditary Overemphasized ? 


Chapters five, six and seven intro- 
duce the reader to Professor Jennings’ 
main thesis, namely that heredity has 
been over-emphasized at the expense 
of environment as a determining fac- 
tor in human development. In chapter 
seven Professor Jennings puts Pro- 
crustes to shame and makes _ bedfel- 
lows of Pearl and Watson, doubtless 
to the discomfiture of both. From 
here on one feels that in attempting 
to counteract one evil the author per- 
petrates another of equal weight. He 
fears the neo-eugenicists will prove 
so convincing that we will adopt a 
fatalistic attitude and as a _ result 
nothing will be done to correct our 
defective external environment. Fatal- 
ism is a serious fault no matter what 
the cause, but surely trusting every- 
thing to external correctives, leading 
the superior person to believe that it 
is of litthe or no consequence with 
whom he mates, to engender the suc- 
ceeding generation, has some serious 
elements of fatalism. 

In his endeavor to save us from 
the pitfall of ascribing too much 
to heredity he comes periiously close 
to pushing us into another. ‘Thus 
Te there is no reason to sup- 
pose that there are any human beings 
who are predestined to develop can- 
cer, whatever the conditions.” Strictly 
perhaps this is true if we could dis- 
cover the environment which would 
prevent cancer but in the present state 
of our knowledge it is unfortunately 
true that many persons are born with 
an hereditary pattern which predes- 
tines them to cancer. 

Jennings, of course, arrives at his 
comforting position from a knowledge 
that many genetic defects can be 
counteracted by appropriate altera- 
tions of the environment. For example, 
a certain defective abdomen in Dro- 
sophila appears only in a very moist 
atmosphere and lacking this condition 
the genetically defective flies are nor- 


— 


200 


mal. Similarly ‘‘reduplicated legs” 1s 
an abnormality which disappears 
when the developing flies are kept 
at a high temperature. “These [and 
many more] cases illustrate the fact 
that an inherited defect need not be 
one that is inevitable, inescapable, as 
is sometimes imagined.” 

But as East* has said “No yet dis- 
covered treatment, however, can force 
an ordinary fruit-fly to develop super- 
numerary legs. It does not have the 
proper packet of genes. The poten- 
tiality, so far as we know, is charac- 
teristic of only one variety.” ‘“Dur- 
ing premillennial times the course of 
development that an individual can 
take will be pretty narrowly delimited 
by its heritage, for the amplitude of 
variation permitted by environment 
will remain small.” 

In discussing the effect on men- 
tality of genes vs. environment. the 
cases of four sets of identical twins 
are considered. The members. of 
these twins were reared apart under 
widely different environments from 
very early ages.t subjected 
to mental tests the results as between 
pairs were somewhat discordant, for 
while one set indicated no effect of 
environment on certain qualities the 
others showed a measurable influence. 
This is taken as evidence “that effects 
produced in one case by genetic consti- 
tution may be produced in another by 
environment.” The conclusion may be 
in accordance with the facts but the 
same result would be obtained if the 
system of mental tests were defective. 
Actually the tests of these four unique 
sets of twins are of more importance 
to the psychologists than to the gene- 
ticists, in that they point definitely to 
serious errors in the tests used as meas- 
urements of innate abilities. 


Improving Humanity 


The possibility of improving the lot 
of humanity by tampering with the 


48-64, 96-104, 153-166. 
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environment in which we live presents 
a strong appeal to those who have 
been laboriously attempting to alter or- 
ganisms permanently for bet- 
ter by recombining their genes. To 
change the environment seems simple 
but unfortunately in one sense the ex- 
ternal environment is much like the 
genetic one in that most changes are 
deleterious. The organism is adapted 
to the conditions in which it is found 
and any alteration either of the organ- 
ism or its surroundings throws the 
machinery out of gear. We know no 
more about the effects of environment 
and what to do about them than we 
do about genetic patterns and _ their 
beneficial rearrangement. We_ build 
big cities to provide the comforts and 
advantages of group co-operation and 
the consequences are slums, organized 
crime, sterility-and epidemics. We de- 
velop industries, apply mechanical 
power to production, organize whole 
groups into compact nations and dis- 
cover over-production, unemployment, 
poverty and destructive wars. 

Humanity can expect no more from 
altering the conditions under which it 
exists than from altering the genic 
pattern of its heredity. Improvement 
by either method will be too slow 
to show results in a few generations 
but genetic improvement is relatively 
permanent while environmental 
tors will require constant attention 
and modification. Most thinking per- 
sons will agree that all possibilities 
for human betterment should be stud- 
ied, and worthwhile modifications 
adopted, but we should be doubly 
careful not to have improvement in 
one set of conditions counteract ad- 
vances in another. Thus we gain very 
little by progress in medical science 
if the end result is to preserve and in- 
crease hopelessly defective germ plasm 
which must always remain a condi- 
tion requiring attention. 
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No one can deny that much “blah” 
has been published in the name of 
Eugenics, the most ardent supporters 
of this cause having taken the posi- 
tion that propaganda before knowl- 
edge is justified. These matters are 
considered in chapter ten where Ir- 
ving Fisher and Albert Wiggam re- 
ceive some gentlemanly reprimands. 

Under the heading of “Biological 
Fallacies and Human Affairs” are 
paraded a group of straw men and 
their shadows that are neatly dis- 
posed of in approved style. This 
chapter of pet aversions, is the least 
satisfactory of the sixteen and deals 
very largely with matters that are of 
no consequence to rigorous thinkers. 

In discussing the pertinent excuses 
for marriage and the family, Profes- 
sor Jennings notes a vearning of mod- 
ern parents to be free from the bur- 
densome care of their offspring—to 
turn this vexing problem over to the 
State. If developed to the highest ef- 
ficiency this solution of family diff- 
culties would result in human_ socie- 
ties approximating those of the social 
insects. The present tendency in the 
direction of parental irresponsibility 
for children is interpreted correctly as 
a desire for a wider and less ham- 
pered exercise of the mating impulse. 
A\ study of the animals that have fully 
carried out a system of public care 
tor their progeny shows that this sys- 
tem has resulted in the essential de- 
sexualization of society; the almost 
complete extinction of the mating art. 
He rightly concludes that “If man 
must look to this result, possibly the 
enthusiasm for this system will 
abate.” 


Race Crosses and Race Superiority 


The question of race superiority 1s 
considered as well as the result of 
race crossing. Here is adopted the 
very questionable hypothesis of dis- 
harmony of organs in hybrids, 
the chief support for which is af- 
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forded by the data of Davenport and 
Steggerda on “Crossing in Jamaica,” 
data which for this purpose have been 
practically discredited by Professor 
Castle.* It is also stated that after 
race crossing there is a_ selective 
elimination of the inefficient combina- 
tions, but in a previous chapter we 
were assured that a single disadvan- 
tageous character (feeblemindedness ) 
can be eliminated from the stock only 
after 68 generations, and this only if 
every feebleminded individual is pre- 
vented from breeding. Under our sys- 
tem every effort would be put forth 
to preserve these inefficient combina- 
tions resulting from race crosses,— 
making an added burden on society. 


Every one is “fed up” on the sub- 
ject of racial superiority and_ the 
eminence of the tall blue-eyed Nordics 
but there is nothing to be gained by 
denying that some groups of peoples 
are innately more able than others. 
True enough, the most backward of 
peoples excel in some direction but it 
will be a long time before the world 
sinks to the level where the abilities 
of these undeveloped peoples will be 
of value to the race as a whole. We 
are now concerned with developing a 
people capable of making use of our 
present civilization. 

In one sense it is possible to form 
a more accurate conclusion with re- 
spect to the hereditary qualities of 
races than of individuals. In dealing 
with large numbers of peoples exis- 
tent over a great length of time it 1s 
logical to suppose they have advanced 
as far in their development as their 
hereditary attainments permit. Their 
present position, therefore, constitutes 
an efficient measure of their capabili- 
ties under the conditions in which 
they are found and nothing is to be 
gained by advocating that under other 
circumstances they might excel. 


Enough has been given to indicate 
the scope and trend of this interesting 


*CASTLE W. E. 
1850, pp. 603-606, June 13, 1930. 


Race Mixture and Physical Disharmonies. 
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if somewhat provocative work. The 
quality of the presentation is slightly 
marred by the use of the interrogative 
form in introducing ideas but there is 
much excellent writing, some sly hu- 
mor and mild cynicism. 

No member of the American Gene- 
tic Association can afford to be with- 
out this book, but at the risk of be- 
ing accused of knocking together the 
heads of my betters it is urged that 

*Loc.: Cit. 
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those who have not already done so 
procure a copy of “Heredity and Hu. 
man Affairs” by E. M. East.* The 
two books make excellent companion 
pieces and present the views of two 
outstanding men interpreting essen- 
tially the same biological facts. Their 
perusal will provide the reader not 
only with biological knowledge but 
will furnish as well an excellent study 
in personalities. 


J. H. Kempton 


Sex-Reversal in Man 


Dr. Krwin Strassmann, son of the 
well known gynecologist, reports in the 
Deutsche medizinische Wochenschift a 
remarkable case in which, in a woman, 
first masculine characters developed 
and then, after an operation, the femi- 
nine characters were restored. Such 
cases have been observed occasionally 
but they are rare. The patient had 
been married but a short time when 
masculine characteristics suddenly  be- 
gan to develop. A beard appeared, 
making it necessary for her to shave 
every three days. The fat deposits dis- 
appeared more and more, and her voice 
became masculine. A prominent Adam’s 
apple developed. She became a_pro- 
nounced baritone. On examination, a 
large tumor was discovered, which was 
removed by an operation. Thereupon 


the masculine character gradually dis- 
appeared. In a few months it was no 
longer necessary to shave more than 
once tm three weeks. She got back her 
rotundity of form, and her face re- 
gained a feminine expression. The 
deep voice has remained; but it is evi- 
dent that, for purely anatomic reasons, 
it is unlikely that the larynx, once the 
voice has changed, can again regress to 
the extent that the voice will again be- 
come feminine. On examination of 
the tumor, it was found to contain 
testis-like tissues. It may be assumed, 
therefore, that the genesis of the tumor 
was due to testis germ layers present 
in the embryo, which would explain 
the appearance of masculine characters. 


“Berlin Letter.” Journal of the American 
Medical Asso. March 22, 1930. 
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BREEDING “CROSSED 
JAPAN 


An Example of the Practical Utilization of Hybrid Vigor 


Yortr KAKIZAKI 
Sattama Agricultural Experiment Station, Urawa, Saitama, Japan 


RAISING CROSSED EGGPLANT SEED 
Figure 3 

The Saitama Agricultural Experiment Station, Urawa, Saitama, Japan, is yearly 
furnishing gardeners in the prefecture with Fi seed of two crosses of eggplants, one of which 
is illustrated by Figures 4 and 5, for the purpose of practical culture. The above is a part 
part of the seed field raising crossed seed at the station. To obtain the crossed seed the 
eres See to be pollinated by hand. As many as 2,500 seed are obtained by a_ single 
pollination, 


eggplant, Solan 
gena, 1... is one of the most 1m- 
portant vegetable crops in Japan, 


melon- of considerable practical importance. 
As in other species, it was found that 
certain crosses are peculiarly valuable 


its fruit being used for various man- 
ners of cooking and pickling. Artificial 
pollination is readily performed, and a 
single fruit yields a sufficient abund- 
ance of seed so that a comparatively 
large culture can be produced by a 
minimum of effort. For this reason 
the discovery that certain crosses ex- 
hibited marked hybrid vigor has proved 


2 


for practical purposes, and the ones 
that are now being used are the re- 
sult of a series of experiments with 
forty-one intervarietal crosses and a 
comparison with their parental strains, 
during the four years 1922 to 1925. 
The present paper briefly summarizes 
the results and discusses our practical 
utilization of F; crosses of this plant. 
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CROSSES BETWEEN EGGPLANTS OF DIFFERENT SHAPES 
Figure 4 


Showing the fruit-type of the parents (the pairs at the right and the left) and the firs’ 
generation hybrids in the center. The group at the top illustrates a cross that has proved o 
practical value in commercial plantings,—between the varieties Simkuro (lett) and Sironasu 


The fruit of the hybrid is black, while that of the mother (Sironasu) is green; it is oval 1 
(Continued on next page) 
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Kakizak1: 


detailed discussion of the data and 


she correlations obtained is being pre- 


sented in Genetics. 


Material and General Methods 


Artificial crosses were made among 
varieties which were assembled from 


various regions of Japan. For com- 
parison sel fed seed was raised from 
the two plants used for each cross, 


except with a few varieties, which had 
been selfed for three or four genera- 
tions before using for crossing, and 
were judged as pure lines. It was es- 
sential that seeds of the parent plants 
be obtained by artificial self-fertiliza- 
tion, for, as the author has already 
reported,” * natural crossing sometimes 
occurs to an appreciable degree in the 
eggplant even though it is ordinarily 
self-fertilizing. Vhe hybrid the 
two parental strains were grown, as a 
matter of course, under as near as pos- 
sible uniform conditions. Their seed- 
lings were raised in a hot bed and _ re- 
planted in the field in one meter rows 


fifty centimeters apart. 
Weight of Seed 
In the case of eggplants of the 


present experiment, the seed ot 
most crossings gave 1mmediate increase 
in weight over the selfed seed of the 
mother parent. In contrast to Sirks’ 
conclusionst as to bean crosses, how- 
ever, we were not able to find any 
combination which the weight of 
the seed decreased in) comparison 
with that of the selfed seed of the 
mother parent. Although there are a 
few crosses in which the F, seed some- 
what decreased in weight, it is very 
apparent that the decrease was not 
due to the small weight of the seed 
of the pollen parent. On this point 
Wingard® obtained results just the 
opposite to those obtained by Sirks. 
It is quite apparent that the in- 
crease in weight of the I*; seed of the 
eggplant is to the increased size 


Shape and of hicks 
“Troup shows a cross between the oval variety 


Crossed Eggplants 


Sinkuro 


HYBRID VIGOR OF SEEDLINGS 
Figure 5 


At top, Sironasu; below, Sinkuro; in 
the centre the IF; cross between them. This 
cross is very vigorous and robust even in the 
seedling stage, and vields much more than 
either the parents or than the leading varie- 
ties; it is one of those which were selected 
to be used for practical culture. 


of the embryo and is a manifestation 
of hybrid vigor. The variation in 
amount of increase in weight is re- 
earded as due to differences of heter- 
ozygosity of the growth factors of the 
embryo, as well as to differences of the 


hasectors that are ideal for the 
Stnkuro and the round variety Yurki 


markets of 


Toky Oo. The center 
Yamanasu, 


and below is illustrated a cross of oval and long types (Turubosu Sennart X Kawabe Nagan- 
‘St). The fruit of the first generation hybrids is intermediate in shape between that of the 


parent types. 
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capability of the pericarp (which 1s 
not strictly a part of the seed but is 
of purely maternal origin) to furnish 
a suitable “environment” for growth. 


Increase in Yield 


Fruits of all the plants of crosses as 
well as of the parental strains were 
harvested at two or three day inter- 
vals throughout the yielding season. 
When compared with the lower-yield- 
ing parent, crosses yielded from 1.3 to 
222.2 percent more, averaging 69.9 
percent more, and all crosses exceeded 
in yield without exception. When com- 
pared with the average yield of both 
parents crosses range from —43.7 to 
+152.0 percent, averaging +36.1 per- 


cent. Only four crosses yielded less 
while the other 37 crosses yielded 
more. Further, as compared with the 
better parent, crosses range from 
—61.1 to +140.8 percent averaging 


+17 percent, and there are 12 less- 
vielding crosses contrasting with 29 
that yielded more. 

It is a well-known fact that the 
cross between varieties of diverse types 
tends to give a greater degree of hy- 
brid vigor. This was the case with egg- 
plants also. Most of the crosses which 
exhibited material increases in_ yield 
were bred by the parents which differed 
widely in characteristics from each 
other, although there were a few crosses 
not showing such a remarkable increase 
in yield in spite of the fact that they 
were produced by parents of diverse 
types. 

This fact is in agreement with the 
assumption advocated by [ast and 
Jones' that hybrid vigor is the result 
of the bringing together of greatest 
number of favorable growth factors. 


F, Expressions of Other Characters 


Some other visible characters were 
observed besides those mentioned 
above. The result is briefly sum- 
marized as follows: 

1. The branching habit:—In_ some 
varieties branches have a_ spreading 
habit of growth, being set almost hori- 
zontally, while in some varieties they 
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grow up rather erectly. There are 
various types of branching habits 
forming almost a continuous series be- 
tween these extremes. The F; cross 
exhibited more or less intermediate 
type between both parents but rather 
inclined towards the more erect one. 

2. The size of leaflet—The cross 
was about intermediate between the 
parents. 


3. The shape of fruit—lIn different 
varieties, the shape of the fruit varies 
from an almost round somewhat flat 
type to a very long one. In every case, 
the cross showed an intermediate type. 
Three examples are shown in Figure 5. 
Some varieties set ribbed fruits. In 
crossing between such a variety and a 
variety bearing plain fruits, the F, 
fruit was plain when the ribbing of one 
parent was. slight, but shallow 
ribbing when it was deep. 

+. The color of fruit—There are 
two main types, black and white. The 
former shows black or dark purple 
coloration on the skin of unripe fruits 
as well as on the vegetative part, while 
the latter exhibits no such coloration 
at all. It was already reported by the 
author? that these characters depend on 
a single factor difference, the black be- 
ing dominant over the white. 

5. Spies on the calyx—lggplant 
varieties have various amounts of spine 
on the calyx. The cross between two 
varieties bearing different amounts of 
spine inclined very nearly towards the 
less-spined type. 


Crosses Being Used for Practical 
Purposes 

For the practical use of the Fy; cross 
of eggplants, it should be of suitable 
shape and quality of fruit for market- 
ing besides being superior in yielding 
ability and time of production. It 1 
desirable also that the crossed seed be 
produced and raised with a minimum 0: 
effort. In the oval type one fruit gives 
800 seeds or so in general and in th 
long type far less, while 2,000 or more 
seeds are obtained per fruit in- th 
round type. 
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PROCEDURE OF CROSSING THE EGGPLANT FLOWER 
Figure 6 


A, flower in the bud. stage 
showing the inner part; 
paraffined paper secured in position with a 
with the stigma receptive ; 


suitable for emasculation ; 
C, emasculated flower bud; D, 
pin; E, emasculated flower fully 


KF, flower fully open with anthers in condition for pollination; 


B, flower at the same stage 
the same wrapped in a piece of 
open and 


G, pollinated flower wrapped again and marked by tieing a piece of woolen yarn; H, the 


young fruit five days after pollination. 


From these points of view, two 
crosses, Sironasu < Sinkuro and Kin- 
tvaku Sinkuro, among the crosses 
studied were selected as the most su- 
perior for commercial use. These two 
crosses are very vigorous and robust 
from the time of germination, and cor- 
respondingly their seedlings grown 
quite easily (see Figures +4 and 5). 
The fruits are glossy black in color, 
oval, and of thick flesh, all these char- 
acters being suitable for markets in 
Tokyo—to which most of the vegetable 
crops in the prefecture of Saitama 
find their way. Moreover, the large 
number of seeds per fruit facilitates 
the practical use of these crosses, since 
both the mother varieties average as 
many as 2,500 seeds per fruit. 

In to yielding abilities of 
these crosses, a trial was for 
four years in comparison with Sin- 
kuro which is the most popular variety 
in the prefecture. The two crosses in- 


vield of the 


creased by 75.7 and 50.8 percent, re- 
spectively, over Simkuro average 
four-years’ test. The 
crosses have been proved superior also 
by trials conducted independently by 
ten gardeners in different regions of 
the prefecture: the average index-num- 
bers of vield of the ten trials were 
190 for and 167 
for Kintyaku * Sinkuro, when 100 was 
for the yield of the universal variety 
in each region. 

The Saitama Agricultural [Experi- 
ment Station 1s now yearly furnishing 
gardeners in the prefecture with F, 
seed of these two crosses to be used 
for the commercial culture an 
amount sufficient to plant about one 
hundred acres (see Figure 3). In ad- 
dition to this, a certain amount of seed 
of the same crosses is raised by a few 
of the more progressive -gardeners in 
the prefecture who have been fur- 
nished with seed stock of the parental 
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varieties, and the crossed seed is dis- 
tributed yearly to other prefectures of 
the country by certain commercial seed 
dealers. 


The Technique of Cross-Pollination 


The author? reported the result of 
observations on the flowering habit 
and the flower structure of the egg- 
plant. The first flower appears on the 
seventh to thirteenth internode of the 
main stem. Branches arise from some 
of the nodes below the first flower, as 
a rule, the branches arising from the 
higher node being the more vigorous. 

It is desirable that branches other 
than those from the upper one or two 
nodes be cut off, since lower ones will 
bear only poor seed-fruits. The first 
flower on the main stem is also better 
cut off, as not only it does not promise 
a rich seed-fruit but, if it grows to 
fruit, it is liable to make the growth 
of the plant considerably poorer. Thus, 
the second flower on the main stem 
and the first flowers on the branches 
left to grow are most. suitable for 
crossing and should be used. If these 
flowers cannot be used owing to 
some reasons such as an insect injury, 
delay due to long-continued rains, ete., 
the next flowers on the same_= stem 
and branches may be employed. Flow- 
ers later than these are not likely to 
produce healthy seed. 

One or two days before flowering, 


the flower bud is quite large and 
sasily manupulated emasculating 


(see Figure 6). With a small pair of 
forceps, the stamens surrounding the 
pistil are seized and pulled out. The 
emasculated flower is wrapped in a 
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small piece of transparent paraffined--~ 
or parchment—paper, which allows the 
flower to be observed and _ facilitates 
pollination, and the piece of paper is 
secured in position with a pin. The 
use of a small bag instead of a paper 
piece is less favorable, because the 
flower bud is directed obliquely down- 
wards and so that, when it rains, water 
is apt to stand in the bag. The flower 
bud for pollen is also wrapped in a 
piece of the paper. 


The stigma matures as soon as the 
flower opens, and is receptive for a 
period of two or three days in gen- 
eral. The anther dehisces at the ter- 
minal pore soon after the flower has 
opened, but, when the flower is wrap- 
ped in a piece of paper in the manner 
as described above, the larger part of 
the pollen is preserved in the anther 
and remains capable of functioning 
for a period of about three days. 

When the emasculated flower is ob- 
served through the paper wrap to 
have opened, pollination is performed. 
Pollen is obtained satisfactorily by 
splitting one side of an anther with 
the tip of a small pair of forceps so 
that the pollen is raised on the tip. The 
amount of pollen obtained from = one 
side of an anther is sufficient to  pol- 
linate a flower, so that an anther can 
be used for pollination of two flowers. 
The flower pollinated is wrapped again 
in a piece of parafined—or parchment— 
paper, and is marked as pollinated by 
such means as tieing loosely about 
the stem a piece of woolen yarn. 

Flowers thus treated give 80 to 90 
percent of successful crosses. 
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A. S. SEREBROVSKY 


i phila, we began similar experiments 
fat the Genetical Laboratory of the 
Zootechnical Institute in Moscow. 

At the very beginning of our work it 

hwas decided to “study Muller’s method 
bof X-raying and then to study the 

problems Ww hich had arisen from Mul- 

discovery, and also to use his 
with other animals (e. g. 
rodents by M. A. Geptner). 

Like other experimenters who have 
repeated Muller’s experiments, we also 
obtained the same results; this paper 
is a report of the work. 


Studies of Lethal Genes 


At first we decided to make the ex- 
periments in order to obtain lethal 
mutations and for this purpose we 
used the method which, as we found 
later, was used by Muller: namely, 
only. males of Drosophila melano- 
gaster were X-rayed and these were 
crossed with the so called) Bar-C: 
females. The daughters of this cross 
had the following chromosome constt- 
tution: chromosome obtained from the 
mother BC: (with no crossing over), 
and chromosome obtained from the 
father (X-rayed). Such females when 


crossed with any male give either 
2 4 : 1 @ which shows that the 


\-rayed chromosome did not have a 
lethal mutation, or 2 ¢ : 0 2, which 
shows that in the X-rayed chromo- 
some a lethal mutation had occurred. 
This method is unquestionably the best 


as it always gives a definite result 
which may be verified in further 


AND N. P. 


Central Genetical Station, 
'tN the fall of 1927 after H. 
Muller published his remarkable 

X-ray experiments with Droso- 


X-RAY EXPERIMENTS WITH DROSOPHILA 


DuBININ* 
=. 


Moscow, U. 
crosses, as one-half of the daughters 
of this cross are heterozygous for 
lethal factors. 


Certain experiments were carried 
out in another way in order to obtain 
visible mutations: X-rayed males were 
crossed to  “double-yellow” (yy) 
females. Muller’s experiments and 


ours were conducted under the follow- 


ing conditions: 50 kilowatt, 5. mil- 
liampere; distance from anticathode 


16-17 cm; the time of exposure 24 and 
48 minutes as used by Muller. Other 
durations of exposure were also tried, 
namely 30, 60 and 120 minutes, leav- 


ine the rest of the conditions un- 
changed, and the following results 


set forth in Table I were obtained. 


The observed increase in the percent 
of mutation may be formulated thus. 
If at one hour of exposure the number 
of the chromosomes which showed 
mutation is C, then after two hours’ 
exposure one can expect the number 
of mutations to be twice as large, but 
the number of mutated chromosomes 
will be 2 C—C7°, since in C? cases the 
coincidence will occur; in one chromo- 
some two mutations will be found and 
in the other chromosomes none. 


With further increase in the time of 
exposure, simultaneous appearance of 
three and four mutations in a given 
chromosome may be possible, and 
then the equation will be complicated. 
In our experiments only in one or two 
cases were two simultaneous muta- 
tions in the chromosome. observed, 
thus the equation 2C—C™* is  satisfac- 
tory, and if 12% of mutations was 
observed after one hour of exposure 


ee by G. A. LEBEDEFF 
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then 6% at % hour, and 23% at 2 
hours of exposure may be expected. 
In a part of our experiments the 
exposure was not made continuously, 
but for one hour every twenty-four 
hours. In several experiments dura- 
tion of exposure was prolonged to 4 
hours, also not continuously: at first 
for 2 hours, and then after 2 days 
again for 2 hours. In a few experi- 
ments, 40-50% of mutations were 
obtained. The X-rayed male in gen- 
eral gave very few progeny. It is 
clear that lengthening the time oft 
exposure with interruption or with- 
out raises the percent of mutation. 
The study of lethal mutations 
showed that among the progeny of 
certain males mutation occurred very 
rarely or not at all; while at the same 


time among the progeny of other 
males mutation occurred very fre- 


quently; as in 27 daughters of 1 male 
a mutation was found in 6, while in 
another male out of 24 daughters a 
mutation was found in only 1. 

The question arises whether this 
difference in the frequency of muta- 
tion is due to chance, or do certain 
males react differently to X-rays as in 
the above mentioned cases where 
6/27ths of the spermatozoids of the 
first male and 1/24th otf the second 
had mutations. The investigation of 
this question is of great interest, since 
if certain males react differently to 
X-rays, this would indicate the pres- 
ence of certain physiological factors 
influencing the mutation process in 
the spermatozoa. 


For the explanation of this question 
the distribution of 59 mutations of dit- 
ferent males was thoroughly studied. 
Fifty-three males were X-rayed and 
486 of their daughters (or 486 
X-rayed chromosomes) among which 
59 had mutations were studied. As 
shown in Table II these 59 mutations 
were unevenly distributed among the 
males, but the distribution of daugh- 
ters among the X-rayed fathers was 
also uneven: there was one daughter 
fer certain males and 29 for one par- 
ticular male. 
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In order to find the effect of chance 
in the distribution of these mutations, 
the following experiment con- 
ducted: we took 486 marbles (corre- 
sponding with the number of daugh- 
ters), of which 427 were black and 59 
red (corresponding with the number 
of chromosomes). These marbles were 
then distributed at random among the 
53 males, but in accordance with the 
number of daughters obtained from 
each male. Table III shows the dis- 
tribution of red marbles almost coin- 
cided with the distribution of muta- 
tions. This experiment was repeated 
twice and in the second experiment 
the male with 24 daughters had only 
one red marble and the male with 27 
daughters had 5; at the same time one 
mutation was found among the 
progeny of the first male and 6 among 
the progeny of the second. 

This experiment shows that the 
unequal distribution of lethal muta- 
tions among the progeny of the males 
studied is explained by chance. If 
there are any physiological differences 
in this respect they are very slight. 


Other Mutations 


Besides the above described lethal 
mutations all other types of mutation 
were obtained as may be seen from 
the following description : 


(a) Semi-lethals appeared several 


times. One case is being thoroughly 
studied (.Altschuller) as it showed 


peculiar and little understood varia- 
bility of lethal effect. In crosses with 
yy females, lines with different per- 
centages of males were obtained; there 
were lines with 3%, 10% and 25% 
males which could not be explained 
by any modifiers or external causes. 
The most plausible explanation seems 
to be the assumption of a certain 
mutability of the gene. 

A similar case was reported by Aga- 
lov who obtained the line of mosaics. 
Mosaic was found to be due to the 
X-rayed sex chromosome. When 
mosaic male is crossed with yy @’s, 
it is transmitted only to males and to 
all of them, the majority of which 
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perish. Mosaic is expressed in the 
distribution of normal and diminished 
bristles. 


(b) Of the visible mutations in the 
majority of the cases we obtained 
those already known, although as will 
be seen later many new allelomorphs 
appeared. Thus scute, white, vermil- 
lion, furrowed, miniature, rudimentary, 
forked, fused, and bobbed were ob- 
tained; certain visible mutations were 
new. At the distance of 0.2 below 
(right of) white appeared “shd”, a 
mutation distinguished by diminished 
eyes and bristles and the splitting of 
many bristles. Another mutation with 
smooth eyes as in glass (III), and 


another with spoon-like wings, and 
several other mutations of which the 


loci are not yet known, were observed. 

Several very evident dominant mu- 
tations (recessive mutations were not 
studied) were observed in the auto- 
somes; except for hairless all the ob- 
served mutations were new: in one 
mutation short stout bristles, in an- 
other definite cut along the front and 
hack edge of the wing were found. 
Another mutation resembled vortex, 
and is evidently its allelomorph. — It 
is not yet known whether these muta- 
tions are transgenations or are due to 


more complicated changes the 
chromosomes. 
(c). Translocation. The first ob- 


served mutation was an excellent case 
of translocation with deeply cut edges 
of the wings and designated as Xasta. 
It was found that the flies with this 
mutation survive only hetero- 
zygous, and in addition they have a 
complete crossover reducer in the right 
half of both the second and_ third 
chromosomes. As it is impossible to 
separate the second and third chromo- 
some, and as there is a great loss of 
eggs in this mutation, it may be con- 
cluded that there is translocation of a 
great part of the second chromosome in 
to the third or vice versa (Serebrovsky ). 

In the case of the translocation 
studied by Siderov there is a complete 
crossover reducer in the X = chromo- 
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some below (right of) vermillion and 
at the same time there is translocation 
in the third chromosome. From the 
degree of change in the X chromo- 
some it may be concluded that this 
translocation is quite large although 
there is no visible appearance. 
Dubinin reports the third case of 
translocation when a part of the left 
end of the X chromosome was trans- 
located to the right end, thus causing 
a visible mutation scute—2 (descrip- 
tion further). It is interesting to note 
that if the translocation is removed 
by crossing over, then along with 
scute a semi-lethal mutation appears 
having the outward appearance ot 
wrinkled wings. This is a good ex- 
ample of the presence-absence theory, 
as the appearance of the visible muta- 
tion was evidently accompanied by the 
breaking off of one part of the chro- 
mosome and the translocation to the 
other end. There is no possibility of 


explaining this case by “chemical 
changes.” 
(d) Inversion occurred many 


cases and in certain experiments as 
often as lethal mutations. The fact 
noted by Muller that all types of mu- 
tations are increased equally by X-ray- 
ing allows one to conclude that all 
mutations have the same mechanism. 
These conclusions are given in a spe- 
cial article (Serebrovsky, American 


Naturalist, 1930). 
Allelomorphs of Scute 


The most interesting results were 
obtained during the study of the scute 
mutation. Muller reported that in his 
experiment this gene did not appear, 
but on the contrary he obtained re- 
verse mutation by X-raying the scute 
fly. In our experiments, to our sur- 
prise, this mutation was the most fre- 
quent with the exception of forked 
which appeared eight times. At the 
very beginning of our experiment 
Dubinin found two scutes (scute -2 
and scute -3). In studying this gene 
our attention was called to certain 
appearances which coincided with our 
theoretic idea of the construction of 
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EFFECTS OF THE SCUTE ALLELOMORPHS 
Figure 7 


The various scute allelomorphs affect different bristle groups to different degrees. The 
differences are not due to modifyers, and are constant for the genes in question. Some of 
them have effects on other characters than the bristles. 
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“STAIRS OF ALLELOMORPHS” 
Figure 8 


This diagram shows graphically the ex- 
planation advanced for the phenomenon otf 
multiple mutations. There is a portion of 
the chromosome which controls development 
of the bristle (a-1), and different groups of 
bristles each have their own centre. The 
number and location of the bristles affected 
by a gene mutation depend on the extent 
and location of the part affected. Thus Sc-3 
and sc-4 are mutations affecting a large part 
of the bristle-controlling region, while sc-5 
is a mutation of only a small part of the re- 


gion and affects only a few bristles. (See 
Figure 7.) 
the gene. Thus we decided to con- 


centrate on the finding of new allelo- 
morphs of scute. It should be noted 
that with Muller’s discovery expert- 
ments could be conducted in such a 
way that it was possible to obtain 


several new allelomorphs of a certain 
gene, 


Our problem of obtaining new 
allelomorphs of scute was_ readily 
solved and within a few months 


we found four new allelomorphs of 
scute: scute*,  scute’,  scute®, and 
scute’. In order to obtain these allelo- 
morphs males X-rayed 1 hour, apricot 
(scute®?) or yellow (scute!) were 
crossed with yy females. Thus through 
these crosses it was possible to study 
all the dominant autosomal and reces- 
sive sex linked mutations. Besides 
the four new scute allelomorphs: yel- 
low (1), white (2), miniature (3), 
furrowed (2), rudimentary (2), forked 
(8), fused (1), and several good domi- 
nant autosomal mutations were found; 
several new mutations localized in the 
X chromosome were found but were 
not studied thoroughly. In Table V 
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we added several new genes discov- 
ered in other experiments (during the 
study of lethals) to those listed above. 
These data confirm our findings that 
scute belongs to those mutations that 
appear regularly through X-raying. 
The study of our scute mutations led 
to the following conclusions which 
are given here briefly. These conclu- 
sions will be given in full by Dubinin 
in Biologisches Centralblatt in 
special publications by Dubinin, Agal, 
Gajssinovitch, and Serebrovsky. 


(1) All six of the new scute muta- 
tions were found to differ in their be- 
havior from each other and from the 
old scute (scute 1); this difference 
does not depend upon different sec- 
ondary modifiers. The replacement of 
all the other chromosomes, and the 
replacement by crossing over of all of 
the sex chromosome to the right of 
prune did not visibly effect the appear- 
ance of these allelomorphs which al- 
ways retained their characteristic dif- 
ferences. Almost all of them affected 
the bristles, although scute-2 affected 
the wing construction also, and scute-3 
had lethal effect on the female when 
homozygous. However the effects of 
the different allelomorphs on the bris- 
tles varied as is shown in Table IV. 
This is interesting in that it raises the 
question, are these repeated mutations 
or have we simply called repeated 
mutations those for which we could 
not find any differences (thus all 
whites seem to be repeated since their 
appearance shows no difference). 


Scute is a gene which allows us to 
conduct thorough investigations of a 
eiven character, and to notice the 
smallest differences in appearance. 
Thus it will evidently be possible to 
determine whether repeated mutations 
occur. Theoretically such a repetition 
may be expected in a very simply con- 
structed gene or in the sharp differen- 
tation of one gene from another. 


(2) The conditions of the appear- 
ance of the six scutes enable us to 
suppose that at the basis of the three 
main types of mutation (transgena- 
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tion* translocation, and _ inversion) 
there is the same mechanism. Indeed 
the appearance of scute-2 was found 
to be connected with translocation of 
a piece of chromosome from the locus 
of scute to the very end of the chro- 
mosome, and the appearance of scute-5 
was found to be connected with inver- 
sion of almost the whole of the X 
chromosome, while with the appear- 
ance of the other three mutations only 


transgenation occurred, or at least 
nothing but transgenation ob- 
served. 

(3) All the possible scute com- 


pounds were studied. 


This investigation showed that in 
almost all cases the compounds led to 
a greater or lesser degree of reversion 
to the normal type (wild). The com- 
pound flies lacked only those bristles 
which were lacking in both the flies 
forming the compound. ‘Thus sc* and 
sc? showed the reduction of bristles 
only on the scutellum and on _ the 
sternites as only those bristles are 
reduced in both scute-2 and_ scute-4. 
On the contrary the bristles on the 
head which are absent in scute-4 but 
present in scute-2 are present in the 
compound also, but changes in the 
wings present in scute-2 and absent in 
scute-4 are also absent in the com- 
pounds. 


There is no reversion to the wild 
type except in such compounds in 
which neither of the component parts 
has any of the traits of the other. For 
instance scute-4 affects all the bristles 
that scute-6 does and also some others. 

sc-4 
is almost 


Thus the compound 
sc-6 


sc-6 
similar to homozygous flies ' 


The most pronounced is compound 
sc-5 


with a full reversion to the wild 
sc-6 

type; it may be differentiated from the 
normal flies only by very accurate 
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biometrical studies. This is due to 
the fact that se-5 affects only those 
bristles over which sc-6 has no effect 
and vice versa. Thus these two muta- 
tions are not allelomorphic to each 
other, but at the same time are allelo- 
morphic to the other scutes. 

We have given these phenomena 
the following explanation: In the 
chromosome there is a whole region 


affecting the bristles, and different 
groups of bristles each have _ their 
own centre. Transgenation takes 


from the given region one or another 
piece. Depending on the size of the 
piece taken out and the centre which 
is affected by transgenation, one or 
another type of external appearance 
is produced. Since the structure of 
the region of the chromosome is ap- 
parently very complex, it is very 
understandable why an exact repeated 
mutation never occurs. 

The pieces of the chromosome 
affected by transgenation be 
either short or long. Thus sc-5 is the 
shortest and sc-3 the longest. (See 
Table IV and Figure 8.) As the boun- 
daries of transgenation may not coin- 
cide, then the allelomorphs may _ be 
arranged as “stairs of allelomorphs”. 
At the same time there is the pos- 
sibility of dividing the whole scute 
region into smaller parts, as a, b, ¢, 
in Table IV and diagram, and of find- 
ing the centre of what bristles are 
located in these regions. In the region 
g is found the centre for scutellars, 
but the centre for verticals-2 is “far” 
from it in region b; here also is found 
the centre for two bristles “behind the 
first pair of legs”. It is interesting to 
note that these bristles are also 
affected by mutation yellow-1, while 
yellow-2 (Gajssinovitch 1929) has no 
effect bristles which enables 
us to conclude that the centre for 
yellow pigmentation is to the left of 
the region b, and to the right of b is 
the region affecting the wings (77). 

We thus come to the possibility of 
making a map of the gene or even of 


*By this is meant the change of a gene in a chromosome, unchanged otherwise. 
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the whole region of the chromosome 
in which lie the centres for body pig- 
mentation, bristles, and wings. This 
plan probably will be complex, and 
although most of the centre may be 
placed in linear order, two or three 
(a, i, and perhaps f) cannot be so 
placed. Our data are not sufficient, 


but as at the present there is a pos- 
sibility of obtaining new mutations, 
the necessary new scute allelomorphs 
may be obtained. The greatest advan- 
tage of Muller’s discovery is that now 
problems can be solved which pre- 
viously required long and passive col- 
lections of chance material. 


Avutuor’s Note:—Our laboratory is studying the left end of the X chromosome and we 
shall be grateful to have any new mutations of Drosophila melanogaster, occurring in the 
region to the left of prune. Address: Moscow, Pjatnickaya 48, Timirjasevsky Inst. 


TABLE I!—Effect of Length of Exposure on Mutation Rate 


Time of Number of Chrom. 
Exposure Studied 
30 139 
60 354 


120 37 


Number of 


Mutations % 
14 10.1 
43 12.1 


12 32.4 


Table II--The distribution of the males X-rayed for 
the number of daughters studied and for the number 
of lethals discovered. 


The number of The number of Mutations 
Daughters 0123 4 5 6 
1 4 
2 2 
3 Ss 2 
21 
5 3 1 
6 2 
7 2 
11 3 
10 2 
11 
12 3 8 
13 $61 
14 
15 1 1 
16 1 
24 1 
27 1 
29 1 


Total = 55 males -- 2217 6 5 1 11 


Table IlII--The distribution of the "males” for the 
whole number of marbles end for the number of red 
marbles. 


Table IV--Bristle-groups reduced (-) in different scutes. 
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The whole number the number of red marbles 
of marbles 0 1 2 3 4 5 6 
1 4 
2 2 
3 4 1 
4 1 2 
5 
6 1 1 
7 2 
8 3 1 
9 1 1 1 i 
10 2 
11 3 
12 1 I 2 
13 1 2 1 
14 2 i 
15 1 1 
16 i 
24 1 
27 1 
29 1 
Total 22 20 3 
Second Experiment 14619 sh § 2 
Average 4o9 185 7.545 15 1 
Totals from Table II- 22 17 6 5 i 
Table V--Map of the X-chromosome 
of y* 
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HERITABLE CHARACTERS MAIZE 


XXX V—Male Sterile 


W. SINGLETON AND D. F. JoNEs 
Connecticut Agricultural Experiment Station, New Haven, Conn. 


N 1923 several progenies of white 
flint corn from various sources 
were being selfed the second time. 

One of these progenies was found to 
be segregating for a factor causing 
the tassel to be sterile. This factor 
has been named “male sterile’ with 
the factorial symbol ms,. The plants 
are very similar to those described by 
IXyster! as male sterile, and it might 
seem that Eyster’s male sterile should 
be designated as ms, since it was 
discovered first. Characters of this 
sort occur frequently, however, and 
when all are identified there will prob- 
ably be several genetically distinct fac- 
tors each causing the tassel to be 
sterile. Consequently, in maintaining 
the identity of the different factors it 
is quite important that the linkage re- 
lations with other factors be known. 
The male sterile described this 
paper has been called ms, because it 
is so easily identified by its close link- 
age to the yellow-white endosperm 
locus, as will be discussed later. It 
has already been referred to as ms, by 
Beadle*. Sterile tassel seems a prefer- 
able name but the other has priority 
and will be used to avoid confusion. 

Male sterile plants produce normal 
‘ars, and plants heterozygous for ms, 
are normal for pollen production as 
well. Sterile plants can be easily rec- 
ognized at the time the normal plants 
are shedding pollen by the slender ap- 
pearance of the tassel, the failure of 
the anthers to extrude, and by an ex- 
amination of the anthers themselves 
which contain no pollen. See illus- 
tration. 

We have not examined the reduc- 
tion division of sterile plants but this 
has been done by Mr. George W. 
Beadle of Cornell University to whom 


we are grateful for the following in- 
formation. The plants examined were 
grown from seed obtained from this 
station. He says, “The meiotic di- 
visions are essentially normal. The 
spore cells round up, the spore wall 
develops but apparently the nucleus 
does not go through the first micro- 
spore division. At the time the anthers 
would normally shed pollen it is diff- 
cult to find even the remnants of the 
spores.” 

Some of the ms, plants were polli- 
nated by yellow silkless (\’sk) and the 
F, plants were selfed the following 
year. In 1925 the Fy. plants were 
erown and classified for jis; and also 
for sk. Before planting, the yellow 
and white seeds had been separated 
and were planted in adjacent rows. 
Upon classification it was indeed sur- 
prising to find that all of the plants 
grown from white seeds were sterile 
while the plants produced by the yel- 
low kernels were without exception 
fertile, a case of complete linkage. 
Later breeding results, however, have 
shown that there is some crossing 
over between y and ms,. Backcrosses 
were used in studying this linkage in 
years subsequent to 1925. In the 
coupling phase there was a total of 
295 parental combinations with 13 
crossovers or 4.2 percent. Somewhat 
fewer data on the repulsion phase 
showed 112 parental combinations to 
6 recombinations or 5.1 percent cross- 
ing over. Averaging the two we get 
4.5 percent of recombinations. The 
1925 F. data show no recombinations 
out of a total of 52 individuals. It 1s 
not surprising that none were found 
as they occur less frequently in an Fe 
veneration than in a backcross. 
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NORMAL AND STERILE TASSELS 
Figure 9 


Normal tassel (left) as contrasted with the more slender tassel of a male plant (i751). 
Anthers fail to extrude and contain no pollen. 


"2 In a cross with purple plant (ABPI) same linkage group. Only the purple, 

the Fy. generation showed that ms, ABPI, and sun-red plants, ABPpl, were 
© Js also linked with Pl, which was — used in calculating the linkage between 
' expected since VY and Pl are in the ms; and Pl as the exact composition 
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of the green plants was uncertain. The 
following numbers and their ratios were 
obtained : 


3 
= 
wr 

Purple fertile, ABPI Ms...... 73 .608 .5625 

Purple sterile, ABPI ms...... 15 .1875 

Sun-red fertile, ABpl Ms... 14 .1875 

Sun-red sterile, ABPpl ms...... 18 .150 .0625 


Calculating the linkage value we 
get 28 per cent using either Emerson’s? 
method or the one given by Babcock 
and Clausen!. Immer’s®? method shows 
a recombination percent of )’-Pl (av- 
erage 28.5) that it is impossible to 
state on the basis of such a small pop- 
ulation whether wis; lies between Y 
and Pl or whether it lies on the op- 
posite side of }° from PI. More data 
will be necessary to establish this 
point. 

Considering only the one character, 
Msms, the Fy population gave a total 
of 87 As, to 33 ms,. This is reason- 
ably close to the expected 3:1 ratio, 
indicating simple Mendelian inherit- 
ance of the ms, factor. 


Value In Production of Crossed Seed 


The factor ms, has some commercial 
possibilities in the production of cross- 
ed seed corn. The common method of 
producing such crossed seed is to grow 
the two parents in alternate rows, de- 
tassel one and let it receive all its pol- 
len from the other. Detasseling a 
large field is not only costly but tedious 
and even when the greatest care 1s 
exercised some few plants of the seed 
parent send out tassels which shed 
pollen, and cause some contamination. 
It is a safe estimate that there 1s at 
least 5 percent of contamination from 
this source. 
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If the ms, factor is to be used, the 
seed parent must be maintained in a 
heterozygous condition both for y and 
for ms. Only white seeds should be 
planted in the crossing plot and it will 
not be necessary to detassel the plants 
produced as they will be male sterile 
with the exception of about 5 percent 
of recombinations. It is true they will 
cause some contamination but it is 
hoped this will be no more than nor- 
mally occurs in the production § of 
crossed seed by detasseling. 


At the Connecticut [Experiment Sta- 
tion mis; has been introduced into a 
stock of Burwell’s Flint by crossing 
and repeated backcrossing to Burwell, 
so that the stock of Burwell containing 
iis; is identical in every other respect 
to the original one. It is planned to 
use the ms, Burwell stock in the 
crossing plot with Leaming pro- 
duce the commercial crossed seed of 
Canada-Leaming, a Flint-Dent hybrid 
recently produced and introduced by 
this station. Possibly a considerable 
saving in the cost of production ot 
crossed seed can be effected by the 
use of the male sterile factor, msy. 
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HEREDITY AND ENVIRONMENT 
CHILD DEVELOPMENT 


HaroLp JONES* 


Director of Research, Institute of Child Welfare, University of California 


N Monroe’s Cyclopedia of Educa- 

tion (1911), an article on Child 

Study presents the following 
statement: “At three years of age the 
infant has become a human_ person- 
ality, with considerable power of 
self-direction and with individ- 
uality.”” In the light of modern inves- 
tigations of the pre-school child, this 
statement now appears somewhat hu- 
morously out of date. The author's 
implication is that children have little 
individuality before three years, and 
that variability appears only after a 
period of growth. Any one who stud- 
ies the records of, for example, nur- 
sery school children, cannot fail to 
notice wide differences in almost any 
trait that may be considered. This 
simple fact of observation has had 
protound effects upon contemporary 
theortes of development. When, in 
recent yvears, we began to pay closer 
attention to the actual behavior of 
children, we noted that many of their 
traits .... their  jealousies, their 
love attachments, their temperamental 
quirks flaires, their interests in 
social play or in competitive modes 
of expression, could be. traced back 
to the age of four, three, or even ear- 
ler, The dogma arose that since 
these distinctive traits of character 
are present during this period, they 
must be the product of the kind of 
environment to which the pre-school 
child has been subjected. Many. stu- 
dents of children have accepted, al- 
most as a truism, the statement of a 
Prominent psychologist that “any in- 
dividual is made or broken before the 
age of five years.” By controlling the 
pre-school environment, it is often 
said that we may guide the whole 
course of development. This doctrine, 


with slight variations, is so commonly 
encountered that it is perhaps unnec- 
essary to document it, but the follow- 
ing excerpts, from journals appearing 
within recent months, may be used as 
illustrations. 


From Childhood Education, in an 
article by a well-known authority: 
“We all come in contact with children 
who are unpleasant to live with— 
whining, domineering children with 
tantrums, children who are very de- 
pendent. Such children are the prod- 
uct of home influences that have not 
been wise.” 

From American Childhood, in a re- 
port on the nervous child... “Neu- 
roses, nervousness, and nervous 
breakdowns, are in reality the late 
stages of a disease which shows itself 
‘arly in childhood. We can prevent 
this disease .... if we recog- 
nize the symptoms early, and begin 
our preventive work at the first ap- 
pearance of the dread signs.” 

From the Journal of the American 
Association of University Women, in 
a discussion of the principles of men- 
tal hygiene applied to young children, 
“Psychiatry has a great lesson to 
teach concerning the emotional life of 
the young child. Its practice has re- 
vealed devastating effects of mistakes 
made in the early lives of sufferers 
from mental disorders.” 


Even Professor Judd, who has of- 
fered significant criticisms on some of 
these matters, states in School and So- 
ciety, “Impressions received in_ early 
childhood and translated into emo- 
tional reactions are of far-reaching 
importance in determining the individ- 
ual’s later habits. I am disposed to 
venture the statement that it is diff- 
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cult to exaggerate the influence of 


these early experiences.” 
Training and Germ Plasm 

If, however, we consider this prob- 
lem from another point of view, we 
hear it asserted that a child’s learning 
capacity increases as he grows older, 
increases at least up to the age of 18 
years. Is it probable that while his 
capacity increases, what he actually 
learns decreases? We know that his 
environmental exposures become 
wider, that his social contacts are 
greatly extended, that his repertoire 
of interests and emotional likes and 
dislikes increases; shall we assert that 
while all these factors are increasing, 
the rate of change in character traits 
is on the wane? Quite possibly this 
is really the case, particularly in the 
field of emotional dispositions, and in 
any traits in which the early tenden- 
cies exert a blockage against re-edu- 
cation. Capacity and the use of ca- 
pacity are not always well correlated. 
It sometimes happens, furthermore, 
that a person uses an increased capa- 
city merely to strengthen reac- 
tion patterns established at an earlier 
level, (as in adult rationalizations of 
early fears). In the present state of 
our knowledge, however, these rela- 
tionships are much too involved to be 
expressed in any simple formula. It 
is true that until recently the pre- 
school child has been neglected and 
that we have here a most promising 
held for training, but it appears in the 
eves of some writers that we are now 
over-reacting to our previous neglect, 
and placing more stress than is justi- 
fied upon the role of the environment 
in early childhood. Instead of blam- 
ing the pre-school period for the ma- 
jor faults and virtues of character, 
we are told that we might equally 
well (so far as logic is concerned) go 
a step further and attach our em- 
phasis to the determining or predis- 
posing influence of the germ plasm; 
not only in the development of  in- 
telligence but also with respect to 
temperament and character. In a 
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striking study the Colorado 
schools, Professor Heilman has 


shown that of school children of the 
same age, the enormous variability in 
scholastic efficiency can be attributed 
to differences in educational exposure 
to an extent not exceeding five per 
cent. The influence of differences in 
school attendance was trivial com- 
pared with the influence of differences 
in intelligence. In spite of the great 
contemporary emphasis upon the pre- 
school social environment, there are 
those dissenters who maintain the hy- 
pothesis that within ordinary limits, 
and within a given social class and 
national group, the variable patterns 
of personality are in the main at- 
tributable to germinal differences. 
The environmental conditioning fac- 
tors may provide the particular mode 
of expression for neuroses and eccen- 
tricities of character, but the general 
trend and the potentialities of adjust- 
ment are regarded as tracing back to 
birth episodes, to the circumstances 
of pregnancy, and dominantly, to the 
hereditary constitution. 

After we have reviewed these con- 
flicting claims, and the somewhat 
fragmentary evidence which 
they are based, it becomes very ob- 
vious that we are dealing here not 
with material for conclusions, but 
rather with problems for research— 
our field being an extension of that 
covered in the 1928 Yearbook of the 
National Society for the Study of 
E:ducation. This very valuable con- 
tribution was concerned with nature 
and nurture: their influence upon in- 


telligence, and their influence upon 
achievement. The present problem 


(which must Jater be greatly subdi- 
vided) is nature and nurture: their in- 
fluence upon individual differences in 
emotional stability, and upon the or- 
ganization of the personality. 


At the Institute of Child Welfare 
of the University of California we 
are at present making two approaches 
to this problem. One is through the 
cumulative study of a large sample of 
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twins, with a comparison of develop- guidance procedures, and who are 
ing differences in (A) identicals and = matched with paired controls. By 


in (B) fraternal twins of the same 
sex. Where the environmental con- 
ditions are comparable, we may as- 
sume that if the intrapair differences 
in B exceed those in A, this excess 
provides a measure of the effects of 
sibling variation in heredity. 
Another advance into this general 
area of investigation, is marked by 
our study of a group of approxt- 
mately 150 pre-school children, who 
are brought under closely supervised 


comparisons of the experimental and 
the control groups, it should be pos- 
sible to estimate the efficiency of the 
training methods employed. 

Such studies cannot be expected to 
yield early results. Difficulties in the 
definition and measurement of traits, 
are much more perplexing than in the 
helds hitherto tilled by genetic re- 
search. There is no reason, however, 
to regard these difficulties as insur- 
mountable. 


Migration Statistics 


INTERNATIONAL MIGRATIONS, Vol. 
I. Statistics, Introduction and Notes by 


Ferenczi; Edited by Watrter F. 
Witcox. National Bureau of Economic 
Research. New York, 1929. 1112 pp., $10. 


In this volume which contains about 
a thousand pages of tables are given 
the international migration — statistics 
from the beginning of the record (in 
the 19th century) each country 
through 1924. In a second volume these 
statistics are interpreted by scholars in 
different countries. This study, which 
grew out of the appointment by the 
Social Science Research Council of a 
committee to study migration, was 
hnanced by the National Bureau of 
Xconomic Research. The research was 
carried on under the direction of Dr. 
Imre Ferenczi of the International 
Labour Office. A careful introduction 
and voluminous notes by Dr. Ferenczi 
explain the sources of data, discrepan- 
cles, ete. As a source book for migra- 
tion data, usually inaccessible, this 
volume is well worth its price which, 
in conformity with the National Bu- 
reau’s policy, just covers the publica- 
tion expenses. 

3oth national and 
bles are given. In the former are 
found the statistics which record 
migrants at the time of departure and 
at their arrival in countries of resi- 


international ta- 


dence. In the section dealing with 
international tables consideration is 


given to comparison of waves. of 
migration, and to the basis on which 
uniform migration statistics can be 
built in the future. 

Chief attention is given to the sta- 
tistics of countries of immigration as 
this class of statistics is more complete 
than the statistics of emigration; the 
latter have been used chiefly to sup- 
plement and to check the former. The 
fairly close correspondence of the emi- 
gration with the immigration statistics, 
however, testifies to the pains taken to 
achieve accuracy in the face of inade- 
quate records. 

While neither the data nor the 
sources can be analyzed in a short re- 
view, it must be remembered that un- 
til 1815 there were no official migra- 
tion statistics; that until 1850 the chief 
sources of data were the statistics of 
shipping companies, port statistics, sta- 
tistics of countries through which 
migrants passed, and certain other sta- 
tistics of immigrant countries. Not 
until after 1850 were records generally 
kept; not until 1900 were these re- 
cords really satisfactory; and not until 
1920 was an effort made to secure uni- 
form and coordinated data. The chief 
value of the present work consists in 


¥ 
» 
$ 
| 
4 
; 
; 
3 
rr 
4 
j 


~~ 


making these widely scattered data 
accessible. When possible data on age, 
sex, and occupation are given. 

Dr. Ferenczi supplies a careful analy- 
sis of the factors motivating or retard- 
ing migration during different parts of 
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growth of uniform statistics is essen- 
tial to the initiation of scientific con- 
trol of international migration. Onl) 
in the light of such statistical data can 
the economic consequence and causes of 


the nineteenth century. Comprehension migration be thoroughly understood. 
of these factors coupled with the J. J. SPENGLER 
Eugenics Explained 
WHAT IS EUGENICS? by Mayor 


LEONARD DARWIN. 
American Edition. 
New York. 1929, 

ISugenics means many things’ to 
many people-—to most people just 
another “reform” in a world already 
rather over-reformed. distin- 
guished past president of the British 
Iugenics [Education Society has_ per- 
formed a real service -in giving a brief 
and readable account of what eugenics 
means to him. As President Angell 
of Yale observes in the introduction to 
the American edition, eugenics has 
fared rather badly from the efforts of 
some of its over-zealous friends (and, 
it might be added, infinitely worse at 
the hands of the headline writers of the 
tabloids—and even of the more con- 
servative press—who delight to em- 
phasize any spectacular marital innova- 
tion, and to add zest to other devia- 
tions neither innovations nor spectacular 
by labelling them “EUGENICS” ). Per- 
suasion and cooperation are the corner- 
stones of Major Darwin's eugenic 
edifice, and a wide distribution of the 
book should do much to correct the 
misconceptions engendered by the over- 
zealous and the ignorant. 

The contrast between British atti- 
tudes and American is in some in- 
stances rather striking, if Major Dar- 
win's reactions are typical. In_ spite 
of a much franker linkage of eugenics 
with breeding than would ordinarily be 
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Price $1.00. 
Publishing Co., 


undertaken by an American, Major 
Darwin seems rather unnecessarily 
squeamish about” sterilization—‘At 


present certainly the public would not 
tolerate any such proposal |compulsion 
of any kind] even if its justice could 
be fully proved” sounds conservative 
indeed to citizens of the “Land of the 
Free,’ whose Supreme Court has _ re- 
cently held (and rightly) that “the 
principle that sustains compulsory vac- 


cination is broad enough to cover 
cutting the fallopian tubes.” Justice 


is to be the keyword of eugenics, and 
yet it is seriously suggested that the 
husband of a woman subject to periodic 
insanity should submit to sterilization, 
because it 1s a more convenient opera- 
tion in the male! 


When we encountered the adjuration 
“consult your doctor” problems 
hereditary and eugenic, we were en- 
couraged to believe that the medical 
profession in England was rather more 
advanced in matters of heredity than 
their American confreres. A few sen- 
tences farther on this hope was dashed 
by the admission that “unfortunately 
at present very few doctors have given 
careful thought to such questions,” so 
conditions in this respect seem very 
similar on the two sides of the Atlantic. 
Perhaps such a course would encourage 
the study of heredity among the medi- 
cality, but one wonders just how much 
value a patient should place on advice 
by a physician who has not “given 
careful thought.” 

Comments on differences of view- 
point have hardly given a fair indica- 
tion of the value of the book. To 
make amends, and to emphasize the 
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Eugenics Explained 


excellent service that has been done 
the cause of eugenics in this addition 
to the “pocket literature’ of the sub- 


ject, we can do no better than to quote 


a few of the striking phrases and 


happy comparisons in which the book 
abounds : 


Moreover, all reforms involve some risk. 
To do nothing is, however, often the course 
which involves most risk. The world is 
never really standing still; and to leave 
things alone may be merely to drift on to 


unseen rocks ahead. 
in the path of progress is often raised by us 
from an unconscious desire to save ourselves 
the trouble of making up our minds and of 
beginning to move 
science points clearly to certain steps which 
could now be taken in order to benefit our 
nation in the future, do not let us fail to 
move in that direction out of a selfish regard 
for our own comfort. 
us to include all future generations amongst 
our neighbors; 
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The bogey of dangers 


in new directions. If 


Eugenics calls upon 


that is amongst those for 
whom we ought to be prepared to sacrifice 
our own immediate interests. 

Gee 


The Dying Professor 
A Study in Faculty Family Size 


HE following is a distribution of 

the number of children of the 
forty-eight members of the staff of a 
good New England university. This 
institution is relatively small, as uni- 
versities go today, having a_ student. 
body of about 400, including about 50 
in the graduate departments; it has a 
history of over forty years of academic 
distinction, and appears to be ade- 
quately endowed for the work it 1s 
attempting. For some two or three 
years its entering students have been 
markedly (about one standard devia- 
tion, in the middle ranges) superior to 
those of the country as a whole in 
scores on the Thurstone Intelligence 
l’xamination. 

The distribution of children in the 
families of the faculty: 
asiealies 0123 4 5 6 


8 7 7 2 2 1 48 


This gives a total of 67 children, and 
a mean number of children per in- 
structor of 1.40; the median would 
also be close to the same figure. 

All individuals in the faculty direc- 
tory have been included in the enumera- 
tion, trom the president to the univer- 
sity. physician and the librarian em- 
eritus. There is therefore a complete 
age and rank range; and since the 
hgures reported represent the 


Children 


Frequency 


status 


quo, it is possible that the completed 
families may be larger. Scrutiny on 
this point is of course highly unre- 
liable, but may have some value when 
given in terms of limits. Three is the 
smallest number of individuals in the 
list for whom a wager would seem safe 
that they might add to the total num- 
ber of offspring; the greatest number 
for whom there is any reasonable 
probability of such addition is about 
fifteen. These estimates are based upon 
such items as number of years of 
bachelorhood and personality type of 
bachelors, age of wife, age of youngest 
child and interval between children, 
known attitudes toward children and 
economics, and feminine confidences. 
If we take ten as a reasonable number 
of children yet to be produced, we have 
77 as the total fertility, and a mean of 
1.60. It is possible that a few deaths 
have not been reported, so that reduc- 
tion to the “born alive” basis might 
give a figure as high as 1.65 or 1.70. 


This should, if typical, give adequate 
insurance against any tendency for the 


office of college teacher to become 
hereditary. The professional eugen- 


icists, with their figure of 2.08 children 
born alive, seem relatively quite fecund. 


RAYMOND R. WILLOUGHBY 
University, 
Mass. 
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FLOWER BUDS COTTON BOLLS 


J. W. Husparp 
Senior Scientific Aid, Bureau of Plant Industry 


ANY departures from normal 
development are found in the 
cotton plant, and some of the 

most peculiar aberrations have been 
found in fields of well established va- 
rieties. Wide variations occur fre- 
quently in mixed varieties, as a result 
of hybridization, and characters are 
often expressed that are unknown in 
the immediate parental stocks. 

The wide range of variations shown 
in the Upland cotton plant is com- 
monly attributed to the effects of ear- 
lier hybridization, and the degenerate 
forms are usually considered as _ re- 
versions to some _ remote, ancestral 
type. These degenerates often exceed 
the normal range of character varia- 
tions found in any of the cultivated 
varieties, but seldom go beyond a rea- 
sonable expectation of variation possi- 
bilities as indicated by the vast 


wealth of characters known in _ the 
wild and cultivated cottons of the 
world. 


A cotton plant was found in a uni- 
form field of Acala cotton at Shafter, 
California, in 1929 with distinct char- 
acters that have not been previously 
reported in the genus Gossypium. This 
plant in general appearance was only 
slightly different from the normal 
plants adjacent to it, but varied suf- 
ficiently that it was pulled out in rogu- 
ing the field for an increase seed stock. 
The plant had made a rather large 
vegetative development, and had only 
a few immature bolls. It is untortun- 
ate that the plant was pulled out be- 
fore its real interest became known, 
as there were no seeds for repro- 
duction. 


In pulling the plant from the row, 
the bolls were observed to be definitely 
off-type, being rather large and almost 
flat across the base, and _ tapering 
abruptly to a blunt point. One of 
these bolls was cut open to see if 
it contained supernumerary carpels, 
which had been found in large num- 
bers in bolls of similar type during the 
roguing of seed fields in the San Joa- 
quin Valley. The carpels of this boll 
were found to be empty, or to contain 
only very small, abortive seeds, and 
the placenta was expanded around a 
large fruiting bud that had almost at- 
tained the flowering stage. An exami- 
nation of the remaining bolls on the 
plant revealed two more bolls contain- 
ing flower buds, and other interesting 
variations. 

The flower buds inclosed in these 
bolls were somewhat crumpled from 
having expanded against the tissues of 
the boll, but each of them was found 
to contain a complete set of floral or- 
gans with the exception of the in- 
volucral bracts. These organs varied 
from the normal development of Acala 
cotton in many respects, but were 
arranged in the regular manner. The 
calyx was large in comparison with the 
corolla and was deeply and irregularly 
cleft with long tailed lobes. The 
staminal column, stigma, and other or- 
gans inclosed in the corolla were some- 
what deformed, but appeared capable 
of performing their functions in repro- 
duction. The ovaries were poorly de- 
veloped and contained only a_ few 
ovules, partially imbedded in the large 
placenta. 


ENLARGED VIEWS OF BOLLS CONTAINING FLOWER BUDS 
See Figure 10—On Opposite Page 


Bottom, cross sections of two bolls with flower buds. 


views of the boll shown at lower left. 


Center, two longitudinal section 


Top, two longitudinal section views of a boll with 


flower bud at right, and with bud removed at left. (Magnified about two times). 
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In addition to the bolls containing 
flower buds, two bolls were found 
with persistent, accrescent stigmas. In- 
stead of falling off with the remain- 
der of the flower, these stigmas had 
remained firmly attached and had con- 
tinued to grow. At first sight of these 
stigmas it appeared as though a bud 


in a boll had flowered, but the stigmas 
were found to have no relation to the 
interior development, and these bolls 
did not contain flower buds. Other 
bolls were found to contain immature 
seeds that were almost full size and 
apparently of normal development. 


The Discoverer of Sex in Plants 


(Illustration on Cover) 


UDOLPH JACOB CAMERER, 

or Camererius, deservedly is hon- 
ored as one of the founders of the sci- 
ence of biology. His De Sexo Plan- 
tarum Epistola, a “letter” of fifty 
printed pages, addressed to Bernard 
Valentin of Giessen, and published in 
1696, records the first experiments 
demonstrating sex in plants. It is true 
that the ancient Babylonians had _pol- 
linated the date palm artificially several 
thousand years before; that in Classical 
times Theophrastus had speculated 
with remarkable intuition on the phe- 
nomena of plant fertilization; that 
Grew, Millington, and Ray, in Eng- 
land, had some years earlier called at- 
tention to analogies between plants and 
animals in their means of reproduction, 
but Camerarius was the first to put his 
views to the test of experiment, the re- 
sults being summarized in the Epistola: 
‘They behave indeed to each other as 
male and female, and are otherwise not 
different from one another. They are 
thus distinguished with respect to sex, 
and this is not to be understood, as 1s 
ordinarily done, as a sort of compari- 
son, analogy, or figure of speech, but 
is to be taken actually and literally as 
such.” 

From a eugenic point of view it is 
interesting that Camererius was a 
member of a family of distinguished 
botanists and physicians. His grand- 
father, Johann Rudolf Camererius, was 
‘for his time a well-known doctor and 
the founder of a family known for the 


success of its members along scientific 
and medical lines.” His father (Elias 
Rudolf, 1641-1695) was professor of 
medicine at the University of Tub- 
ingen. Rudolf Jacob himself received 
the degree of Doctor of Medicine in 
1687; later he was appointed director 
of the Botanic Garden and Professor 
of Medicine at Tubingen. His son 
Alexander followed him as Professor 
of Medicine at Tubingen, so that for 
four generations this position on the 
Staff of that University remained in 
the family. Segregation of scientific 
ability may also be said to be demon- 
strated in the brother of Rudolf Jacob, 
Elias (1673-1734)—‘a successful doc- 
tor, personal physician to the Duke of 
Wurtemburg, but in reality a necro- 
mancer, believing in superstition and 
magic and opposed to new ideas and 
progress.” 


This family of Camerers does not 
appear to be related to the other dis- 
tinguished family of that name which 
flourished nearly two centuries earlier, 
of whom the most famous was Joachim 
(1500-1574), of Tubingen, friend of 
Melanchthon, of whom said 
“All Europe ran a race to pay him 
homage as teacher, scholar and man.” 
The name of this family was originally 
Liebhard, but the name Camerer was 
adopted when an earlier member of 
the family was appointed Chamberlin 


(Kammermister), a hereditary position 
in the family. 
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Effects of Sexual Sterilization 


STERILIZATION FOR HUMAN BET- 
TERMENT, by E. S. Gosnty and Pavut 
PoPpENOE. Pp. xviii and 202. Price $2.00. 
The Macmillan Company, New York. 1929. 


The literature contains many 
lengthy accounts of damage, real or 
imaginary, done to society by the 
rapid multiplication of mental defec- 
tives and of the possible saving to 
humanity which would result from 
the prevention of such increase but 
this is one of the few authoratative 
reports which discusses at any length 
the practice of human. sterilization. 
The data upon which the book is 
based consist of hospital reports on 
6,255 sterilizations performed prior to 
Jan. 1, 1929, in California. Of this 
number 3,728 were men. Probably 
this is the largest number of cases 
which have been made available any- 
where for study up to this time. 

It appears that sterilization  pro- 
duces no change in the sexual life and 
the operation is both highly efficient 
and relatively free from danger to the 
individual. About one tenth of one 
per cent of failures of the operation 
are recorded, almost equally divided 
between men and women. Of course 
many of these operations were not 
voluntary and the main object was to 
prevent reproduction but it is interest- 
ing to note that in many cases there 
was a decided improvement in the pa- 
tient’s well being. This is due no 


doubt to the removal of the fear of 
pregnancy among those who are an- 
tagnostic to such a condition. The 
usual belief that sterilization will 
rapidly lead to sexual promiscuity is 
not borne out by the authors’ find- 
ings. Very few cases of sexual de- 
linquency were found among the ster- 
ilized men and women who were re- 
leased from the state institutions and 
among those who were sterilized in 
private practice and for whom _ rec- 
ords were available. It is interesting 
to note that of the women who were 
voluntarily sterilized private prac- 
tice the reason given in the majority 
of cases was some physical impedi- 
ment to childbirth. Eugenic reasons 
formed only a minor percentage of 
the total, as might be expected. 


The book is divided broadly into 
two parts and an appendix. ‘The first 
part of nine chapters discusses the 
facts and the second part of three 
chapters gives the conclusions relative 
to the personal, social and eugenic 
reasons for sterilization. The appen- 
dix gives among other things, a list 
of references, an address by Robert 
L. Dickinson on the surgical aspects 
of sterilization in California, a discus- 
sion of the law by Otis Castle, and 
some tabulations of data pertaining to 
sterilization. 


H.C. M. 


A Giant, Disease-Resistant Sugarcane 


A giant type of sugarcane which grows 25 
to 30 feet high in its native home, the island 
of New Guinea, is now making satisfactory 
erowth at Canal Point, Fla., according to 
reports just received by the United States 
Department of Agriculture. 

The cane in question belongs to a new 
species (Saccharum robustum) which has not 
yet been described botanically. It was _ lo- 
cated and brought back to the United States 
by Dr. E. W. Brandes, of the department, 
who made an exploration trip to New Guinea 
in 1928 in search of disease-resistant varie- 
ties. 

Plants of the new species are vigorous 


growers and are resistant to many diseases 
which attack sugarcane in this country. The 
sugar content of the new cane is_ rather 
low, and for this reason plans are being 
made to cross it with other plants having 
higher sugar content. This work will take 
several vears. 

In April about 80 varieties of sugarcane 
cuttings were sent to the Canal Point field 
station for trial planting. Before these cut- 


tings could be planted in Florida they had to 
grow in quarantine at the Arlington Exneri- 
mental Farm for one vear to prevent intro- 
duction of new nests or diseases. 

U. S. Dept. of Agri. 
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THE INHERITANCE ANOMALY 
HUMAN DENTITION 


C. LEoNARD HuskKINS 
John Innes Horticultural Institution, Merton, London 


ECORDED studies of anomalies 
of human dentition reveal a 
wide range of diversity both in 
themselves and in the opinions held 
concerning them. Downs,’ for example, 
quotes ten authors who incline towards 
the view that the anomalies they have 
observed are due to some _ endocrinal 
dyscrasia, and eight who favour gen- 
etic explanations. The conclusions from 
his own observations and experimental 
work are summarized as follows: 


Although it is possible that dental anomalies 
may sometimes appear as the result of 
endocrinal dyscrasias, just as may be the 
case with vitamin deficiencies or other devel- 
opmental interference Dental anom- 
alies probably cannot be considered as path- 


ognomonic of any definite type of endocrine 
dyscrasia. 


Dental anomalies which are clearly 
inherited vary in type, in degree of ex- 
pression, and in mode of inheritance. 
Three fairly recent papers illustrate the 
diversity. Thadani® reports sex-linked 
inheritance of the entire absence of 
teeth and of hair in a race living in 
India. Ovazza® describes a family in 
which the absence of all incisor teeth 
is inherited as a simple mendelian dom- 
inant. Beadle! describes an anomaly of 
dentition which is also inherited as a 
single factor dominant, but the expres- 
sion of the anomaly varies greatly. 
Varying numbers of teeth are sporadi- 
cally absent from either the deciduous 
or the permanent set, and there are 
also irregularities in the age of erup- 
tion of the teeth. 

The case to be described here has 
resemblances to both Thadani’s and 
Beadle’s cases. In its extreme expres- 
sion the anomaly is the absence from 
both sets of teeth of the two center 
incisors of both upper and lower jaw. 


The pedigree starts with a family of 
four males and one female. The oldest 
male, born 1781, and the youngest, 
born 1795, had the anomaly in its ex- 
treme form. It is stated that the defect 
occurred in their mother’s family, but 
no details are available. The informa- 
tion has been obtained independently 
from numbers III-3 and III-19 of the 
pedigree in terms of personal relation- 
ships to themselves and from entries 
in the flyleaves of a Family Bible and a 
Prayer Book in the possession of III- 
19. When assembled as a_ pedigree 
chart the data from these three sources 
were found to be in agreement. This 
together with the fact that the anomaly 


is a striking one and that my inform- 


ants, though very interested in the oc- 
currence of the defect, had no know- 
ledge of laws of heredity, seems to en- 
sure the reliability of the data. 

It has not yet been possible to trace 
the inheritance of the anomaly in de- 
scendants of any of the other four 
members of generation I of this pedi- 
gree. Most of the family lived in the 
Midlands of England until compara- 
tively recently, but they are now some- 
what scattered. The names and _ ad- 
dresses of many of the members of the 
pedigree have been filed in the records 
of this institution and will be available 
for confidential use by persons study- 
ing anomalies in families which may 
possibly be thought to be related. 

Male I-5 married an unrelated nor- 
mal woman and had five female and 
four male children. Of these the eldest. 
a female, lacked the teeth in question 
until the age of thirteen. Her son says 
she often told her family that the “‘cut- 
ting’ of the missing teeth at this age 
was extremely painful. She married a 
second cousin, the son of a daughter 
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of her paternal grandfather’s brother. 
As the defect came into the family 
through the mother, this consanguine- 
ous marriage has no bearing on the in- 
heritance of the anomaly in question. 
Male II-2 had normal dentition. He 
died unmarried. Female II-3 had the 
defect in its extreme form. She died 
shortly after marriage at a compara- 
tively early age. Female II-6 had nor- 
mal dentition. She died young and un- 
married. The remaining members of 
generation II had normal dentition, 
married normal individuals as far as 
is known, and had offspring as shown 
in the pedigree chart. 

Male III-1 had normal dentition. He 
married a normal unrelated woman and 
had five children and five grandchil- 
dren, all normal. Female III-2 died at 
the age of ten weeks and therefore 
cannot be considered in this pedigree. 
Male I!I-3, one of my informants, 
never developed the two center incisors 
in either jaw. Late in life he married 
a woman of mature age. They have no 
offspring. No. III-4 had normal denti- 
tion. He was subject to epileptic fits 
and died of smallpox in 1883, three 
weeks after marriage. No. III-5 had 
normal dentition and his three children 
were normal in this respect, though the 
eldest son exhibited syndactyly. As dif- 
ferent abnormalities of the hands can 
be correlated in inheritance it seems 
probable that this defect came into the 
pedigree through the mother, as her 
brother was polydactylous. Male III-6 
had normal teeth and normal offspring. 
No. III-7 never developed the central 
incisors in either jaw. mar- 
ried but had no children. Indi- 
viduals III-8 to III-15, the progeny of 
II-7, all had normal teeth. Five of 
the females and one of the males are 
married. Not all of their offspring are 
known to my informants, but they know 
23 of them, and all of these are normal. 
It seems scarcely worth while, there- 
fore, to attempt to trace this branch of 
the family in detail, and this incom- 
pletely known generation is not included 
in the pedigree chart. Male III-16 had 
normal dentition and has three normal 


offspring. Male III-17 is normal and 
has a normal son and two normal 
grandsons. Male III-18 had normal 
dentition of the upper jaw but lacked 
the center incisors of the lower jaw. 
Apart from this deficiency his teeth 
were especially good, and up to the time 
of his death in middle life he never 
had dental treatment. He was unmar- 
ried. Female III-19 has normal teeth 
of fair quality. After tooth extraction 
she suffers from abnormally severe 
bleeding, but can scarcely be regarded 
as haemophilic. She is unmarried. The 
individuals comprising the remaining 
two generations of the pedigree chart 
all have normal dentition, and need not 
be considered in detail. 


The inheritance of this dental anom- 
aly seems clearly to be sex-linked. Its 
transmission agrees exactly with the ex- 
pected distribution of an abnormality 
factor carried by one of the X chro- 
mosomes of the mother of generation 
I. The only irregular feature is in the 
expression of the factor. Five females 
of the pedigree (II-1, 3, 5, 6 and 9) 
should be heterozygous for the defect 
and two (I-4 and III-19) should have 
equal chances of being either hetero- 
zygous or normal. Of the five, the 
three who had progeny were all heter- 
ozygous. In three of the five including 
two proved heterozygotes, the defective 
character behaved as a complete reces- 
sive, while in one (II-3) it was a com- 
plete dominant, and in II-1 it was dom- 
inant up to the age of thirteen and then 
recessive. If either or both of the two 
‘possible heterozygous’ females carried 
the defective factor, it was recessive in 
them. Exactly half of the sons of 
heterozygous females show the defect, 
but one (III-18) lacked the teeth in 
question in the lower jaw only and had 
normal dentition in the upper jaw, 
though presumably having only one X 
chromosome, he should have carried 
only the abnormality factor, and not its 
normal allelomorph. 


Clearly the inheritance of this dental 
anomaly is subject to the influence of 
either modifying factors or environ- 
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Figure 12 


In its extreme expression the individuals exhibiting the anomaly lack the two center 
incisors in both upper and lower jaw. All matings are with normals, and except in 
the case of the two females, II-1 and 3, the character behaves as a recessive, being trans- 
mitted from an affected male to half his daughters’ sons. 


mental conditions. If it is a fact that 


Kislovsky* in which abnormal hair de- 


endocrine secretions can affect the de- 
velopment of the teeth, the eruption of 
teeth by II-1 near the age of the onset 
of puberty might possibly indicate a 
correlation with sexual secretions. 
There is no evidence of any other 
defective condition being associated with 
this dental anomaly. This is in marked 
contrast to the case recorded by Tha- 
dani, in which there is entire absence 
of hair and teeth, and to the cases in 
cattle and rabbits recorded by Cole? and 


velopment and lack of hair accompany 
dental defects. 


In generation III of this family, it 
seems just possible that sexual selec- 
tion played a part in the elimination of 
the defect. Of the 15 normal members 
of this generation who reached matur- 
ity only one remained unmarried. Of 
the three defective members one never 


married, and another married only in 
his old age. 


Author’s Note: Since the above was written I have succeeded in tracing 51 descendants 
of I-1. This individual had six sons and two daughters. None of the sons would be expected 
to transmit the defect, and the fact that the 44 of their descendants who have been traced 
are all normal is therefore satisfactory negative evidence. 

The two daughters of I-1 should have been heterozygous for the defect and should have 
transmitted it to half of their offspring. One of them died unmarried; the other had two 
daughters. These would have an even chance of receiving the defective factor. I have 
not yet been able to trace the descendants of one of them. The other had two daughters 
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and one son, all normal. If she did carry the defect these three children should again have 
had an equal chance of receiving it. Only one of these three, a daughter, is married and 


she has one son and one daughter, both normal. 


The mathematical chances of the defect 


being carried through the female line in these generations III, IV and V from I-l, being 
halved each time, are of course %, 4% and \%, respectively. The absence of any appearance 
of the defect in this line is therefore quite inconclusive, and neither for nor against the 
hypothesis that it is due to the action of a factor borne on an X-chromosome. 
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Early Chinese Record of a Mutation in Rice 


In a communication to Nature (Lon- 
don), dated May 3, 1930, Hugh Nicol 
of the Rothamsted Experiment Station 
calls attention to an extremely interest- 
ing and detailed account of the dis- 
covery and utilization of a mutant rice- 
plant, showing unusual earliness and 
other desirable agronomic qualities, by 
the emperor Khang-hi (who reigned 
from 1662 to 1723). The account is 
to be found on page 470 of the 1859 
edition of an English translation of 


“The Chinese Empire’ by Monsieur 
Huc: 


“*T was walking, says the Emperor 
Khang-Hi, ‘on the first day of the sixth 
moon, in some fields where rice was sown, 
which was not expected to yield its harvest 
until the ninth. I happened to notice a rice 
plant that had already come into ear; it 
rose above all the rest, and was already ripe. 
I had it gathered and brought to me; the 
grain was very fine and full, and I was in- 
duced to keep it for an experiment, and see 
whether it would on the following year re- 
tain this precocity, and in fact it did. All 
the plants that proceeded from it came into 
ear before the ordinary time, and yielded 
their harvest in the sixth moon. Every year 
has multiplied the produce of the preceding, 
and new for thirtv years it has been the rice 


served on my table. The grain is long, and 
of a rather reddish colour, but of a sweet 
perfume, and very pleasant flavour. It has 
been named ya-mi, or ‘Imperial rice,’ because 
it was in my gardens that it was first cul- 
tivated. It is the only kind that can ripen 
north of the Great Wall, where the cold 
begins very early, and ends very late, but in 
the provinces of the south, where the climate 
is milder, and the soil more fertile, it is easy 
to obtain two harvests a year from it...7” 


M. Huc adds that this rice was introduced 
into Manchuria, and that it succeeds ad- 
mirably in dry countries, having no need for 
perpetual irrigation. He thought it would 
ertainly prosper in France, but although 
he sent several samples to that country he 
never heard that any experiment was tried 
with it. 

Two French books allude somewhat vague- 
ly to this rice. “Le Rapport sur les Céré- 
ales: Exposition Universelle’” (Paris, 1878), 
mentions the above story and offers the 
alternative name ris précoce. ‘Les Plantes 
de grand culture’ (Paris, 1893), says that 
there appears to be a variety of rice in 
China which completes its growth in less 
than three months. 

The variety is probably identical with the 
yu-mt = (Orysa. communis Pyrocarpa Al.) 
which is the only variety specifically attrib- 
uted to China by M. A. Carleton (The Small 
Grains; New York, 1916). 


Nature 125: 818. 
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GENETIC STUDIES BARLEY 


D. W. Ropertson and G. W. DEMING 
Agronomy Section, Colorado Agricultural Experiment Station 


HE occurrence of chlorophyll 
| deficient seedlings has _ been 
previously reported in_ barley 
and several studies have been made 
to determine their mode of inheritance 
and linkage relations. Nilsson-Ehle‘* 
describes six chlorophyll mutations, 
three albinos, two yellow and one chlo- 
rina. All of the albinos are recessive 
to green and a linkage was found be- 
tween albino 3 and chlorina. All of 
the other chlorophyll deficiences were 
found to be independently inherited. 
Hallquist? made crosses between the 
following chlorophyll deficiencies: AI- 
bino 1, Albino 2, Albino 4, Xantha 1, 
Xantha 2, Chlorina, Superchlorina, 
Virescent 1, Virescent 3 and Lutescens. 
Forty-two out of 78 possible combina- 
tions were made. In crosses involving 
different albinos a ratio of green to 
albino of 9 to 7 was obtained and in 
a cross between virescent and a xantha; 
green, xantha and virescent seedlings 
occurred in a ratio of 9:3:4. The link- 
age of Albino 3 and Chlorina, found by 
Nilsson-Ehle, was confirmed and a 
linkage of Albino 4+ with Albino 3 and 
Chlorina was found. 

Two cases of temperature effect on 
development of chlorophyll have been 
reported, one by Hallquist* and one by 
Collins'. Chlorophyll development was 
stimulated in chlorophyll deficient seed- 
lings by an increase in temperature. 

Robertson® studied the interrelation- 
ship of three chlorophyll deficient seed- 
ling characters with other botanical 
characters. Two of the chlorophyll de- 
ficient seedlings, albino, (Ac ac) and 
xantha, (X¢ xc) found in Colsess were 
closely linked. An indication of loose 
linkage was also found between albino, 
(Ac ac) and hoods versus awns, (KF). 
Albino (Ar ar), found in Trebi, was 
linked with black versus white glume 
color. 
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which remains green. 
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Several other chlorophyll deficient 
seedlings have been found and _ their 
possible linkage relationship — studied. 
A chlorina seedling was found in 
Colsess (Figure 14) which grew to 
maturity. The mature plants, however, 
are less vigorous than the normal 
green plants and are lighter in color. 
According to Ridgeway” plate XVII 
they are Dull Green-Yellow. These 
chlorina seedlings recessive to 
normal green. Three chlorophyll defi- 
cient seedlings were found in Coast 
barley,—a yellow seedling (Ridgeway 
plate IV Empire yellow), a white seed- 
ling and a virescent seedling. The 
virescent seedling (Figure 13) dies in 
tne seedling stage. The seedling comes 
up white with a very marked green tip, 
The amount of 
green on the second leaf is very small 
or lacking entirely. The seedling sel- 
dom survives farther than this stage. 
All of the chlorophyll deficient char- 
acters are recessive to normal green 
and segregate in a ratio of three green 
to one chlorophyll deficient indicating 
a single factor difference. The fol- 
lowing letters will be used to indicate 
the different chlorophyll deficient types. 
Green versus. chlorina Colsess. 
(Fe fe), green versus yellow in Coast 
barley green versus white 
in Coast (Ace dex.) and green versus 
virescent in Coast (Ve yc). 

In studying the inheritance of vari- 
ous chlorophyll deficiencies, plants 
which were heterozygous for the char- 
acter were used as parents. This was 
necessary because plants which were 
homozygous recessive for white, yellow 
or virescent seedling factors did not 
grow to maturity. Plants homozygous 
for the chlorina factor grew to ma- 
turity and in this case plants were used 
in the crosses which were homozygous 
for the recessive condition. When one 
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parent was heterozygous for green and 
white seedlings, and the other parent 
was homozygous for green, two types 
of F, plants were obtained; one being 
homozygous for the green seedling fac- 
tors and the other heterozygous for the 
green and white’ seedling factors. 
Similar conditions are found with the 
yellow and virescent seedlings studied. 
In crosses in which both parents. were 
heterozygous for different chlorophyll 
deficiencies, four types of Fy, plants 
were obtained. 

By growing seedling progeny of F, 
plants in the greenhouse, it was possi- 
ble to determine fairly accurately the 
genetic nature of the parent for chloro- 
phyll deficiencies. Particular genetic 
types were used to make more exten- 
sive studies in the later generations. 


Interrelations of Chlorophyll 
Deficiencies 


Plants homozygous’ for chlorina 
seedling color were crossed with plants 
heterozygous for white seedlings 
(Ac ac), found in Colsess. Twenty- 
nine F, plants were obtained all of 
which were pure green indicating that 
the factor pairs (dc ac) and (Fe fe) 
are not allelomorphic. Two types of 
F, plants were obtained, one segregat- 
ing in the Fe for green and chlorina 
and the other segregating for green, 
chlorina and white seedlings. The 
progeny of 29 F, plants were tested in 
F.. Sixteen produced green and chlo- 
rina seedlings and thirteen produced 
green, chlorina and white seedlings. 

The interrelationships of the charac- 
ter pairs (Ac ac) and (Fe fe). were 
studied in the plants segregating for 
green, chlorina and white seedlings. 
On the basis of independent inheritance 
a 9:3:4 ratio is expected. Three thou- 
sand seven hundred and thirteen seed- 
lings were counted in the Fs and 2119 
were green, 677 chlorina and 917 
white. Calculation of X* for goodness 
of fit gave a P. value of 0.5810. In 
order to further test the possibility of 
linkage, progeny of the green and 
chlorina plants from the Fs. families 
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VIRESCENT SEEDLINGS 
Figure 13 


Virescent seedlings founa in Cocast barley. 
Tip of the first leaf has a very marked 
green tip which remains green, but the sec- 
ond leaf has very little chlorophyll, and the 
seedlings rarely survive beyond this stage. 


segregating into green, chlorina, and 
white seedlings were grown in the Fs: 
and seedling counts made. With inde- 
pendent inheritance one Fe green plant 
on the average out of nine should pro- 
duce only green seedlings in the Fs, 
two should segregate for green and 
chlorina seedlings, two should segregate 
for green and white seedlings, and four 
should give green, chlorina and white 
seedlings. The X* test was used to 
determine the goodness of fit of the 
observed to the calculated ratio for in- 
dependent inheritance. Of the 933 green 
plants tested 114 bred true for green. 
197 segregated for green and chlorina. 
212 segregated for green and white and 
410 segregated for green, chlorina and 
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N AND CHLORIN 


Figure 14 


These chlorina seedlings found in Colsess barley are greenish-yellow. Sufficient chloro- 
phyll is present so that they grow to maturity. The character is a simple recessive to 


normal green. 


white. The P. value obtained for this 
ratio when tested with a 1:2:2:4 calcu- 
lated ratio was 0.6405. The data ex- 
amined indicate that the factor pair 
(Ac dc) is inherited independently of 
the factor pair (Fc fc). Similar data 
were obtained when chlorina plants 
were crossed with plants heterozygous 
for green and  xantha seedlings 
Yo). 

A similar cross was with 
chlorina plants and plants heterozygous 
for the white seedling factor pair 
(Ay ar), found in Trebi. The same 
method of study was used in this cross 
as in the previous crosses. The X* 
calculations indicate that the factor pair 
(Ay ay) is inherited independently of 
the factor pair (Fo fc). Of the 3258 
seedlings counted in Fs, 1837 were 
green, 616 were chlorina and 805 were 
white. The X? value was less than 1, 
giving a P. value which was very large. 


Progeny of 547 Fe. green plants were 
tested in F3, 67 of these bred true for 
green, 121 segregated for green and 
chlorina seedlings, 114 segregated for 
green and white seedlings and 245 
segregated for green, chlorina and 
white seedlings. The observed 
segregation of the progeny of Fe green 
plants agreed very well with the calcu- 
lated ratio. A calculated value of 
P. = 0.7722, further indicated inde- 
pendent inheritance of the factor pairs 
(Ay ay) and (Fe fc). These results 
would indicate that the factor pair 
(Fe fc) for green versus chlorina seed- 
lings is in a different linkage group 
than the factor pairs (Ac ac) and 
(Xe 4c) which were previously found 
to be linked. The factor pair (Ar ar) 
also seems to be inherited independ- 
ently of the factor pair (Fe fc). 
Further studies were made to deter- 
mine the possible linkage of the factor 
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pairs (Fe fc) for green versus chlorina 


seedlings and the factor pair (Xce xc2) 


for green versus yellow seedlings and 
(Ace dace) for green versus white seed- 
lings. In the cross involving the char- 
acters chlorina and_ yellow seedling 
color the F2 segregation was 615 green 
209 chlorina and 264 yellow seedlings. 
When the X* test for goodness of fit 
was applied a value for X? of 0.3725 
was obtained and P. in this case was 
very large. 

The cross involving the factor pairs 
(Fe fc) and (Acer Acs ) Pave all F. 
segregation of 1843 green, 673 chlorina 
and 867 white. When the X? test for 
goodness of fit to a calculated 9:3:4 
ratio was used a P. value of 0.0939 
was obtained. The progeny of Fy» 
green plants were grown in Fs: and 
breeding behaviour observed. The num- 
ber of green Fy, plants in the different 
F, genotypic classes as determined 
from Fs; breeding behaviour are as fol- 
lows, 71 were homozygous green, 129 
were heterozygous for green and chlo- 
rina, 129 heterozygous for green and 
yellow and 279 heterozygous for green, 
chlorina and yellow. Compared to a 
1 :2:2:4 ratio these results gave a calcu- 


lated P. value of 0.7994. 


Crosses were made between Colsess 
plants heterozygous for the white seed- 
ling factor pair (Ac ac) and Coast 
plants heterozygous for the following 
factor pairs: for green 
versus yellow (Yc yc) for green 
versus virescent seedlings. The vellow 
seedling factor pair (Xc2 ce), was 
found to be inherited independently of 
the factor pair (Ac ac), for green 
versus white seedling in Colsess. The 
observed Fy. ratio was 806 green, 291 
yellow and 398 white seedlings. When 
X* was used to determine the goodness 
of fit of the observed to a calculated 
9:3:4 ratio, a P. value of 0.1859 was 
obtained. A high P. value was also 
obtained when the yellow seedling fac- 
tor pair (Xcz xcz), in Coast was tested 
with the Xantha seedling factor pair 
(X¢ Xc), in Colsess. Further tests in 
F; indicate that the factor pair (Xec2 
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Voz), for yellow seedlings in Coast is 
inherited independently of factor pairs, 
(Ac ac), and (Xe 4c) which are 
linked. 

Virescent seedlings in Coast were 
found to be inherited independently of 
the factor pairs (Ade ac) and (Xe xc). 

The white seedling factor pair (Ac. 
dc») in Coast was found to be different 
from the white seedling factor pair 
(Ac ac) in Colsess. From tests in the 
F; the indications are that these two 
factor pairs for green versus. white 
seedlings are inherited independently of 
each other. 


Crosses were made between hooded 
and awned plants heterozygous for dif- 
ferent chlorophyll deficient seedlings. 
The factor pairs vee) (Ye Ve) 
and (Fe fe) were studied. In the 
cross involving the -factor pairs (Kk) 
for hoods versus awns and 
for green versus yellow seedlings a F». 
segregation was obtained of 346 hooded 
green plants, 106 awned green plants 
and 167 yellow seedlings which con- 
tained both hooded and awned factors. 

When the X* test for goodness of 
fit to a calculated 9:3:4 ratio was used 
a P. value of 0.4067 was obtained indi- 
cating that the factor pair (Ae) 1s in- 
herited independently of the factor 
pair rex). In the cross involving 
the factor pair (Kk) for hoods versus 
awns and (VYeyc) for green versus 
virescent seedlings a P. value of .4456 
was obtained. The observed F. fre- 
quency was 1037 hooded green plants, 
340 awned green plants and 428 
virescent seedlings. The virescent seed- 
ling class contains both the hooded and 
awned factors although they could not 
be grown to maturity and_ definite 
counts of each class made. In _ the 
cross in which the interrelationship of 
hoods versus awns and green versus 
chlorina were studied the number of 
awned plants was less than the calcu- 
lated three to one ratio. The actual 
number of plants segregating in Fy» was 
2400 hooded green,- 852 hooded chlo- 
rina, 766 awned green and 233 awned 
chlorina. The X* test for independ- 
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INHERITANCE OF STYLE BRANCHING 
Figure 15 


Above at the left is shown the branched style found in Coast barley; at the right the 


smooth style characteristic of Lycn_ barley. 


The F, plants have a fully branched style 


(center), and in the next generation a graded series is found, running all the way from the 


smooth style to the fully branched. 


The numbers cbtained indicated that the facts observed 


could be accounted for by the exis ence of three pairs of cumulative factors which det:rmine 


the degree of branching cf the style. 


ence gave a P. value of 0.0683  indi- 
cating independent inheritance of the 
factor pairs (Kk) and Fe fc). These 
data further agree with the previous 
fndings which indicate that the three 
chlorophyll deficient factor pairs studied 
are inherited independently of the fac- 
tor pairs (Ac ac) and (Xe xc). The 
latter two factor pairs show a possible 
loose linkage with the factor pair (Kk) 
for hoods versus awns. 


Branched Versus Smooth Style 

In crosses between Coast and Lion 
there is difficulty in obtaining a large 
percentage of seed when Lion is used 
as the female parent. When Coast is 
used as the female parent high per- 
centage of fertilized seed are easily ob- 
tained. The style of Lion is not pro- 
fusely branched. It has a single point 
on each branch. (See Figure 15.) The 
style of Coast is finely branched and 
almost feathery in appearance. In 


crosses between Coast and Lion the Fy 
has a finely branched style indicating 
the dominance of branching over 
smooth style. Counts were made of 
the F. segregation in 1928 and 1929. 
All gradations of style branching were 
obtained between the profusely branched 
Coast and the smooth style of Lion. 
(Figure 15.) 

The classification-of the material into 
definite groups was very difficult. Two 
classes were finally decided upon, 
branched and smooth. The branched 
style includes all the plants showing 
any branching and the smooth style 
class includes only plants with = un- 
branched style like the Lion parent. 

The observed ratio of branched and 
smooth styles was compared with a 
calculated 63 to 1 ratio of branched to 
smooth. The X? test of six families 
totaling in all 2529 plants gave a P. 
value of 0.5384 which indicates a good 
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fit of observed to the calculated ratio 
of 63:1. These results can be ex- 
plained by three factor pairs. 
Assuming a three factor difference 
the genetic constitutions of Coast and 
Lion are represented as follows: GG, 
represents the branched 
condition found in Coast and gg, gg’, 
gg, represents the smooth condition 
found in Lion. On this hypothesis 
these factor pairs are inherited inde- 
pendently of each other and there is a 
cumulative effect dependent upon the 
number of dominant genes present. 


Summary 


The following chlorophyll deficient 
seedling types were described, Chlorina, 
(Fc fe) in Colsess_ barley, yellow 
(Xce In Coast barley, white 
(Ace ace) 1n Coast barley and Vires- 
cent (Ye yc) in Coast barley. All of 
the above characters were found to be 
recessive to normal green and each was 
dependent upon a single factor dif- 
ference. 

The factor pairs (Ac ac) and 
(Xc +c) for green versus white and 
green versus xantha seedlings previ- 
ously studied were inherited independ- 
ently of the following factor pairs: 
(Fo fc) for green versus chlorina seed- 
lings, (Xce2 *c2) for green versus yel- 
low seedlings (Ace dce) for green 
versus white seedlings and (Ye yc) for 
green versus virescent seedlings. 

The factor pair (Ay ar) for green 
versus white seedlings in Trebi is in- 
herited independently of the factor 
paid (Fc fc) for chlorina seedlings. 

The factor pair (Fe fc) for green 
versus chlorina seedlings in Colsess 1s 
inherited independently of the factor 
pair (Xc2 *c2) for green versus yellow 
seedlings and the factor pairs (Ace ace) 
for green versus white seedlings. 
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The factor pair (Kk) for hoods 
versus awns is inherited independently 
of the factor pair (Xce *c2) for green 
versus yellow seedlings (Yo yc) for 
green versus virescent seedlings and 


(Fo fe) for green versus Chlorina 
seedlings. 


A three factor difference was found 
between the smooth style of Lion and 
the feathered style of Coast. The fac- 
tor pairs are designated as G.g., G'g’, 

It is proposed to study the linkage 
relations of the three chlorophyll de- 
ficient types with the following link- 
age groups now known: 


1. Green versus white seedlings 
(Ac dc), green versus xantha seedlings 
and possibly hoods versus awns. 

2. Black versus white glume color 
(Bb) and green versus white seedlings 
(Ay ar). The following independently 
inherited factors pairs will also’ be 
studied: Vv for non six-row versus 
six row. Nun for covered versus naked 


and Ss for long versus short haired 
rachilla. 
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